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H-7  - line  1.  Insert  the  word  "center*  between  "the"  and  "position". 

II- 7  - line  U*  Delete  ",  the  use  of  the"  and  insert  "a". 

UI-A-10  - line  22.  Delete  "sec  9*  and  insert  "cos  9/2". 
m-A-10  - line  2li.  Delete  "9"  and  insert  "9/2". 

m-A-10.-  line  2U,  Insert  the  words  "near  the  bottom"  between  "angle"  and 

■between" . 

IH-A-12  - line  8.  Insert  the  words  "the  full  meridian  stress  extends  further 

up. and"  between  the*  words  "therefore"  and  "the". 

III- A-12  - line  9.  Insert  the  words  "of. aconventional  shaped  balloon"  after 

the  word  "ascension".' 

IH-A-12  - line  13.  Insert  "cos  9/2"  Aafter  ■2'^t  «. 

IH-B-17  - line  U.  Delete  "0.11i3"  and  .insert  "0.125". 
m-B-17  - line  6.  Delete  "0.1U3"  and  insert  "0.125". 

III-B-i7  - line  7.  Ddlete  "Ul.^"  and  insert  "73.7*. 

IH-B-23  - line  17.-  Insert  "(r“'/-i’)"  in  place  of  "(rti^)". 
m-C-27  - line  6.  Insert  "half"  between  the  words  "the"  and  "cone". 
m-C-27  - line  7.  Delete  "1800"  and  insert  "1300". 

III-E-75  - line  l5.  Delete  "III-D"  and  insert  "III-C* 

VI-181  - lines  26  & 27.  Delete  the  words  "almost  spherical."  and  insert 

"at  approximately  its  designed  shape." 

VI-18U  - line  3.  Insert  the  word  "difference"  between  "pressure"  and  "at". 

VI  - 18U  - line  12.  Shovild  read  " . 


IH-A-12  - line  13. 
m-B-17  - line  U. 
m-B-17  - line  6. 
III-B-i7  - line  7. 
m-B-23  - line  17.- 
m-C-27  - line  6. 
m-C-27  - line  7. 
m-E-75  - line  l5. 


VI-195  - line  2U.  Delete  "Into"  and  insert  "out. of". 

Vl-195  - line  25.  Delete  "into*  and  insert  "from*.  > 

VI-20U  - line  U.  Insert  the  word  "heliiun"  between  "our*  and  "resuls*. 

VI-20U  - line  6.  Ilelete  the  words  "per.  cent*  and  insert  the  words  "expressed 

as  fi*action" -between  the  word  "lift*  and  "of*. 

Page  VI-20U  - line  7.  Insert  the  words  "gradient  (negative"  between  the  words 

"atmcsphsri c"  and  "lapse".  Insert  a parenthepiS  mark 
after  '•^rate". 

VI-197  - line  1.  Insert  the  wordh  "in  the  stratosphere"  between  the  words 

"that"  and  "rising". 

IV-II8  - Caption-Figure  31.  Should  read  "(See  Figure  7-B)*  instead  of 

"(See  Figure  7-D)". 


Page  VI-197  - line  1. 


Page 
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SECnON  I 
ORGANIZATION 


Personnel,  space  and  equipment  for  the  Balloon  Project  remain  essentially 
the  same  as  reported  in  the  first  Progress  Report.  A few  changes  have  occurred 
in  personnel;  Mr.  William  Huch,  experienced  balloon  designer  has  been  added  to 
the  senior  staff  as  a consultant  and  the  nominal  Scientific  Director  now  divides 
his  time  between  the  Balloon  Project  and  Los  Alamos.  In  effect  much  of  the 
responsibility  for  the  direction  of  the  work  falls  upon  Dr.  Edward  P.  Ney  and 
Dr.  John  R.  Winckler. 

The  cvirrent  personnel  falls  into  the  following  categories} 


Experienced  Research  men  (Ph.D) 5 

Assistant  Scientists 2 

Junior  Scientists 3 

Research  Fellows 3 

Research  Assistants 1 

Electronics  Mechanics U 

Engineering  Assistants lU 

Statistical  Clerks 1 

Photographers 1 

Non-scientlflc,  miscellaneoizs, 

etc.,  equivalent .6 

Total U6 

The  names  and  experience  of  the  senior  men  are: 


Charles  L.  Critchfield,  Professor  of  Physics 

Scientific  Director  of  Project,  I^.D^  1939  (half-time) 

Edward  P.  Ney,  Associate  Professor  of  Physics 

Alternate  Scientific  Director,  I^.D.,  19U7 

John  R.  Winckler,  Associate  Professor  of  Physics 
Ph.D.,  19hS 

Homer  T.  Mantis,  Assistant  Professor,  Mechanical  Engineering 
Ph.D»,  (Meteorology),  19ii9 
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Gilbert  Perlow.  Research  Associate,  Ph.D.  19U0 

Raymond  Maas,  Consultant  in  Elactronics  and  Instrumentation 
B.E.E.,  I9I18 

William  0.  Huch,  Consultant  in  Design  and  Operations 
BS,  (Aeronautical  Engineering),  19i|2 

A complete  list  of  laboratory  and  office  personnel,  in  addition  to  the 

five  senior  men  listed  above  is  as  follows* 

Leland  Bohl,  Research  Fellow  (half-time) 

John  Linsley,  Research  Fellow  (half-time) 

Kinsey  Anderson,  Research  Assistant  (half-time) 

Robert  L.  Howard,  Assistant  Scientist 

(Section  Leader,  Electronics  Section) 

Logan  D.  Gilman,  Assistant  Scientist 

(Section  Leader,  Instrumentation  Section) 

Eugene  Byrne,  Junior  Scientist 

Willard  Lewis,  Junior  Scientist 

John  Gergen,  Junior  Scientist 

James  Stoddart,  Electronics  Mechanic 

Wilmer  Kurth,  Electronics  Mechanic 

Robert  Anderson,  Electronics  Mechanic 

Phillip  Erickson,  Electronics  Mechanic  (half-time) 

Sam  Erinda,  Engineering  Assistant 

Charles  K.  France,  Engineering  Assistant 

Donald  F.  Kruse,  Engineering  Assistant 

Joseph  LeClair,  Engineering  Assistant 

Bernard  Welinski,  Engineering  Assistant 

Paul  W.  Chase,  Engineering  Assistant  (half-tims) 

Robert  E.  Danielson,  Engineering  Assistant  (half-time) 

Evan  E.  Day,  Engineering  AesistaAt  (half-time) 

Theodean  Erickson,  Engineering  Assistant 

Idar  Anderson,  Engineering  Assistant 

Lester  Beckland,  Engineering  Assistant 

Roswell  Wahl,  Engineering  Assistant 

Richard  Hendricks,  Engineering  Assistant 

Arthur  Walseth,  Engineering  Assistant 

cKarles  Wilson,  Utility  Man 

Robert  Newton,  Utility  Man 

Irwin  M.  Fine,  Photographer 

Joan  Markham,  Senior  Clerk 

Shirley  Whitmore,  Senior  Statistical  Clerk 

Ferdinand  Ohnsorg,  Research  Fellow 

Marlene  Besaw,  Secretary 

Berton  Atkinson,  Draftsman 

Ewald  Eckland,  Assistant  Foreman 

Rudolph  Thorness,  Machine  Shop  Foreman 

Donald  Hanson,  General  Mechanic 

Charles  Edwards,  General  Mechanic 

Cecil  Smith,  General  Mechanic 

Roy  Lahti,  General  Mechanic 

Victor  Hoberg,  Sr,  General  Mechanic 
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Winter  operations  ha»re  been  made  practical  by  flying  from  Pierre,  South 
Dakota  . A mobile  consnunications  unit  has  been  installed  in  a Navy  trailer 
van  and  used  at  Pierre.  Prevailing  westerlies  prevent  coii5)lete  tracking  of 
sustained  flight  when  launched  at  Minnesota. 

The  program  on  liquefaction  of  hydrogen  and  helium  has  been  dropped  as 
unnecessary  duplication  in  the  face  of  the  rapid  progress  being  made  elsewhere. 
In  addition,  the  present  trend  in  balloon  design  is  to  minimize  ballast  require- 
ments. 

Data  of  value  to  the  project  were  gathered  on  cosmic  ray  flights  in  Texas, 
financed  by  a separate  contract  with  ONR. 

In  general,  the  project  is  enjoying  full  cooperation  on  the  part  of  the 
University  and  Department  Administration,  the  representatives  of  ONR  and  CAA, 
the  manufacturers  of  balloons  and  the  hundreds  of  people  who  have  found  gear 
and  balloons  apd  have  helped  in  their  recoveiy. 
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SECTION  II 
lAUNCHING  SUMARY 

This  section  of  the  report  will  sununarize  our  experiences  with  launchings 
which  constitutes  the  number  of  flights  made  on  the  project  to  date.  The  launch- 
ing method  is  described  in  detail  in  the  first  Progress  Report,  Volume  I,  pages  2-1 
to  2-29.  The  method  is  still  carried  out  as  described  in  that  report  with  a few 
minor  modifications  which  are  necessitated  by  changes  in  the  balloon  design  and 
a few  minor  changes  idiich  were  found  to  be  advisable  in  the  launching  method  it- 
self. The  spun  aluminum  girdle  shown  in  Figxure  2,  Page  2-13,  is  customarily 
covered  with  nylon  cloth  in  the  form  of  a stocking  instead  of  taping  transversely 
with  nylon  tape.  The  nylon  cloth  has  been  found  to  give  the  proper  frictional 
coefficient  so  that  the  girdle  stays  on  the  balloon  and  slips  smoothly  down  as 
the  balloon  fills  out  during  ascent.  It  was  found  advisable  to  protect  the  bal- 
loon underneath  the  position  corset  found  in  Figure  5,  Page  2-l6  of  Volume  I,  by 
a layer  of  sponge  rubber  wrapped  in  polyethylene.  This  provides  a cushion  between 
the  stiff  parts  of  the  corset  and  the  canopy  of  the  balloon  which  is  secured  down 
over  the  inflation  thimble  by  this  corset.  The  sponge  rubber  cushion  is  attached 
to  the  corset  on  one  end  and  falls  off  just  before  take-off  when  the  corset  is 
removed.  Ihe  invention  of  the  duct  appendix  which  is  customarily  installed  dir- 
ectly in  the  top  of  the  balloon  necessitated  a different  rigging  arrangement  for 
packing.  The  suspension  clamp  shown  in  Figure  3,  Page  2-lU,  Volume  I,  is  replaced 
by  a sinple  clamp  which  merely  provides  a feed  through  for  the  top  rope.  No 
effort  is  made  to  hang  the  balloon  by  this  feed  through.  The  balloon  is  hung  by 

a harness  connected  to  the  point  where  the  duct  appendix  is  inserted.  A discussion 

of  the  method  of  inserting  the  duct  appendix  in  the  balloon  will  be  found  in  another 
section  of  this  report  where  the  duct  appendix  is  descrio^d  in  detail.  The  changes 
in  the  suspension  ring  can  also  be  uiKierstood  by  references  to  Pages  2-21  and  2-22 

in  Volume  I which  show  how  the  suspension  ring  was  formerly  used.  The  duct  appen- 


i i 


Confidential  Security  Information 


ConTidential 


Page  II-7 


dix  occupies  the  position  where  the  suspension  ring  was  formerly  clauped  in  and 

o 1 nn;:ye.T«  r»MTr&r* C"n  +.V10  -ncr  Whor>  S 4*.  r\P'P 

^ - o-  — ^ - - -o  ^ ^ ' y-  — 

the  edge  of  the  duct^it  is  not  a satisfactory  point  from  which  to  hang  the  entire 
balloon.  Therefore, the  use  of  the  harness  connected  to  the  periphery  of  the  point 
at  which  the  duct  is  inserted  was  used. 

An  experience  with  one  flight  which  failed,because  the  top  rope  which  used 
to  be  left  long  and  was  pulled  through  as  the  top  ascended, became  snarled  around 
the  suspension  ring,  made  it  seem  advisable  to  cut  this  rope  short  after  the 
balloon  was  erected.  This  is  done  by  using  a knot  called  a slippery  sheet  bend 
which  can  be  released  from  the  ground  by  a side  rope  and  which  removes  the  main 
tie  rope  from  the  balloon-  Then  only  about  3 or  U feet  of  rope  has  to  pass 
through  the  fitting  as  the  top  of  the  balloon  erects  and  this  avoids  possibility 
of  snarling  or  catching  in  the  folds  of  the  fabric.  These  inprovements  just 
described  were  made  as  a result  of  difficulties  of  one  kind  or  another  in  the 
launchings.  A survey  of  the  flights  made  to  date  shows  that  in  the  first  ten 
flights,  there  was  a total  of  four  cases  of  which  failiires  of  one  kind  or 
another  due  strictly  to  launching  technique  resulted.  In  flights  #10  to  #20 
there  were  three  cases  of  failure.  In  flights  #21  to  #30  there  were  five,  and 
in  flights  #31  to  #1|0  there  were  none.  In  flights  #Ul  to  #50  there  were  none 
and  in  flights  #5l  up  to  the  present  there  was  but  one  case  of  failure,  which 
was  not  a failxire  of  apparatus  but  represented  an  error  in  judgement  and  is 
probably  not  representative  of  the  others. 

All  of  these  cases  do  not  resvilt  in  complete  failure  of  the  flight  for 
scientific  puip)oses  of  the  project  but  are  listed  because  something  went  wrong 
with  some  featiire  of  the  launching  method.  As  pointed  out  many  times,  this 
launching  method  is  very  suitable  for  the  purposes  of  this  project  because  it 
enables  one  to  weigh  the  balloon  off  as  one  does  a vertical  inflation  generally 
used  only  with  smaller  balloons.  It  was  found  that  with  a combination  of  this 
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launching  technique  with  the  use  of  a large  windscreen  available  near  ifi.nneapolis, 
launchings  were  very  seiaom  neia  up  because  uf  nlnd*  Sven  isith  the  ydndscreen, 
however,  launchings  must  be  limited  to  winds  of  less  than  35  miles  per  hour  but 
this  wind  speed  does  not  occur  very  often.  The  weigh-off  data  has  been  analyzed 
and  it  appears  that  the  scatter  of  this  data  indicates  an  accuracy  in  weigh-off 
of  about  ^ 256  of  the  gross  load  involved.  (See  Section  VI  Page  170  and  Figure  3) 
This  scatter  is  obtained  from  an  analysis  of  a large  number  of  flights  in  terms 
of  the  initial  ascent  rate  as  a function  of  the  measured  weigh-off.  If  one  tries 
to  make  an  estimate  from  looking  at  the  weigh  off  measurements  and  also  by  com- 
paring the  weigh  off  at  two  points  during  the  launchings,  namely  when  the  inflated 
balloon  was  secured  at  both  ends  to  the  gro\jnd  and  weighed  off  and  then  when  the 
balloon  was  erected  and  weighed  off  just  at  the  bottenn,  and  considering  fluctua- 
tions in  readings  due  to  wind  burbles  around  the  windscreen,  etc.,  one  concludes 
that  the  measured  values  are  within  +10^  of  the  free  lift.  The  free  Lift  varies, 
of  course,  from  one  flight  to  another  but  free  lift  is  something  like  10$  of  gross 
load  so  that  the  order  of  accuracy  is  from  1$  to  2$  of  the  gross  load  from  this 
consideration. 

The  ejqienses  Involved  in  the  packing  operation  have  been  itemized  and  a 
cost  estimate  made.  The  cost  of  balloon  hardware,  including  a special  bag  to 
wrap  the  balloon  in  once  it  is  packed,  corset,  harness,  inflation  thimble,  spec- 
ially prepared  automobile  inner  tube,  the  aluminum  girdle,  etc.,  total  about  $330. 
This  includes  about  26  man  hours  of  time  in  the  packing  idiich  is  probably  on  the 
high  side.  There  are  some  special  items  involved  in  this  launching  method  such 
as  an  antenna  dropper  to  unwind  the  radio  antenna  once  the  balloon  is  in  the  air 
and  the  cost  of  packed  parachutes,  etc.,  which  probably  brings  the  total  cost  up 
to  about  lUOO.  It  is  felt  that  this  is  a small  ejq^ense  compared  to  the  loss  of 
flight  due  to  inaccurate  wei^-offs  or  the  cost  of  keeping  project  personnel 
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I 

inactive  while  waiting  for  weather  which  is  suitable  for  other  launching  ri^thods,  ‘ 

i 

Experiences  in  the  field  with  Lhid  launchirig  aethcd  have  proven  very  successfuls 
A joint  operation  with  General  Mills,  Inc,  was  condijcted  at  Pyote,  Texas,  in 
July  of  1952  in  which  three  flights  were  launched  in  10  days.  Most  of  the  10 
days  were  occupied  in  recovering  gear  and  getting  ready  for  the  next  flight. 

The  winter,  1952-53,  launching  site  has  been  moved  from  Minneapolis  to  Pierre, 

South  Dakota,  so  that  the  trajectories  would  give  us  an  extra  day  of  flight 
time  and  in  some  cases  prevent  the  loads  from  being  lost  in  the  Great  Lakes. 

This  operation  has  been  carried  forward  very  satisfactorily  using  sinply 

the  facilities  available  at  the  Pierre  Muncipal  Airport.  One  of  the  square 

hangars  was  used  as  a windscreen.  Five  series  of  three  launchings  each  have 

been  mads  and  each  series  conducted  in  considerably  less  than  a week.  So  far 

there  were  no  hold-ups  because  of  weather.  A series  of  flights  which  are  not 

reported  in  this  report  were  made  in  Pyote,  Texas,  in  January  of  1953,^ 

conjunction  with  the  SKYHOOK  project  of  Winzen  Research  in  which  the  Minnesota  1 

technique  was  used  throughout  for  l5  launchings  which  were  extremely  successful. 
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SECTION  III-A 

CONSIDERATIONS  ON  BALLOON  SHAPE 


V 


Since  balloons  can  be  manxifactured  in  any  desired  shape  of  closed 
surface^lt  appears  reasonable  that  there  is  a most  desirable  shape.  It 
is  one  of  the  objectives  of  the  High  Altitude  Balloon  Project  to  solve 
this  problem,  llie  main  difficulty  is  that  the  problem  has  never  been 
adequately  formulatedj  hence  the  project  is  currently  engaged  in  ident- 
ifying the  significant  features  that  can  be  improved  by  changing  the 
design  of  the  cell.  Theoretical  work  on  the  nature  of  stresses  j.n 
static  axially  symmetric  cells  has  been  completed  and  electronic  com- 
puter runs  on  a large  variety  of  given  conditions  have  been  made.  But 
it  remains  to  deduce  from  field  and  hangar  tests  the  relative  importance 
of  the  features  that  can  be  effected  by  balloon  design.  (In  the  following, 
the  distinction  between  design  on  the  table  and  shape  in  the  air  must  be 
kept  in  mind.) 


The  principal  quantities  to  be  considered  are  the  stresses,  the 
consequent  strain  or  plastic  flow,  and  the  relationship  between  sur- 
face area  and  volume  contained.  The  considerations  are  on  the  general 
shape  not  including  appendices,  valve.s,  attachments,  etc.  Stresses  on 
the  surface  arise  from  supporting  the  payload  and  the  lower  portions  of 
the  balloon  and  from  gas  pressure.  Those  stresses  that  have  a direction 
idilch  is  tangent  to  the  surface  and  that  lies  in  a vertical  plane  are 
called  meridional  stresses,Xm*  1^  the  balloon  weight  and  differential 
gas  pressure  can  be  ignoredi4^rt^‘»«r**^^  payload  at  a point  near  the  bot- 
tom where  the  radius  of  a horizontal  section  of  an  axially  symmetric 
balloon  is  & and  0 is  the  angle  between  the  vertical  and  the  tangent  plane* 
Henee,as  one  neaurs  the  bottom  apex  the  stresses  become  very  high  and  will 
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exceed  the  strength  of  the  film  If  its  thickness  does  not  increase  also. 
Hitherto,  this  difficulty  has  been  siurmounted  by  applying  meridional  'load 
bearing'  tapes  over  the  heat  seals,  thus  relieving  the  plastic  film  near 
the  apex. 

Tests  at  Weeksville  showed  that  the  meridional  stress  is  rapidly 
transferred  fl*om  the  tapes  alone  into  the  film.  This  is  indicated  also 
in  up-pictures  in  flight  in  which  tapes  often  appeared  to  be  wrinkled. 

The  safest  assumption  is  therefore  that  the  meridional  stress  is  dis- 
tributed uniformly  over  the  surface  everywhere  above  a few  tens  of  feet 
from  the  apex  of  a large  balloon. 

Curvature  in  a stressed  surface  produces  an 'inward'  force  per  unit 
area.  By  'inward'  is  meant*  towards  the  concave  side.  In  the  balloon 
this  force  is  opposed  by  the  difference  in  pressure  of  gas  inside  and 
outside  the  balloon.  If  the  'inward'  pressure  created  by  the  meridional 
stress  is  nullified  everyiriiere  by  the  gas  pressure,  the  balloon  is  said 
to  have  a "natural  shape".  For  a given  ratio  of  balloon  weight  to  gross 
weight  there  is  a doubly  infinite  family  of  natural  ^apes  for  one-cell 
balloons,  corresponding  to  the  choice  of  the  cone  angles  at  top  and  bottom, 
for  example.  All  such  shapes  have  axial  symmetry. 

Since  the  pressure  difference  in  a natural  shape  is  balanced  entirely 
by  the  meridi^cnal  stress,  and  since  the  balloon  is  concave  inward  in  every 
horizontal  section,  the  circumferential  tension  is  zero  everywhere  for  those 
shapes.  It  was  to  achieve  no  circumferential  tension  in  the  design  that 
General  ItLlls,  Inc.  set  out  originally  to  find  such  a shape.  The  theory 
was  that  it  is  better  to  have  the  fabric  stressed  unlaxially  than  to  have 
it  stressed  biaxially.  Thel^*  success  in  flying  very  heavy  loads  may  depend 
partly  on  the  more  efficient  Stressing  in  the  natural  shape. 
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Zero  circumferential  tension  everywhere  means  that  there  is  no  ten- 
dency to  stretch  the  fabric  into  a form  of  larger  'radius'  A/  at  any 
point.  If  excess  girth  of  fabric  is  provided  at  any  point  along  the 
length  of  the  balloon  the  fabric  will  overlap  at  that  point.  Hence, 
during  ascension  most  of  any  balloon  tends  to  the  natural  sh«q5e  for  the 
existing  distribution  of  weight  of  fabric  and  for  the  particular  payload 
carried.  Moreover,  the  ciarvature  of  the  balloon  surface  is  higher  when 
the  outside  pressure  is  higher  and  therefore  the  stresses  are  greatest 
in  the  early  stages  of  ascension.  Consequently,  there  is  little  direct 
relationship  between  the  design  of  the  fully  inflated  cell  and  the  imLn- 
indzation  of  stresses  except  at  the  very  top  and  bottom  and  at  points  of 
discontinuity  of  curvature. 

At  the  very  top  of  a natural  = gross  load,  so  that 

again  diverges  as  0 aX  the  top  and  the  fabric  must  be  reinforced. 

In  a flat-top  natural  shape increases  with  the  cube  root  of  the  distance 
from  the  top.  Balloons  designed  with  a spherical  top  have  a 'radius' 
that  increases  with  the  square  root  of  the  distance  frcMn  the  top  and  the 
circimferential  tension  becomes  equal  to  the  meridional  tension  at  the 
top.  Thus,  the  presence  of  meridional  tapes  restricts  plastic  deformation 
in  the  direction  in  which  "they  lie  and  perraiis  enlargement  of  the  circvim- 
ference.  Ihe  result  is  that  spherical  balloons  tend  to  develop  a flat 


uup  flUJki  i/iiXD  wtiia  0VJ.U011U  \jTi  uiio  xuj.x^  xiii.xd.ucwi  w;cxxo  olu  nccikov  xxxo  • 


Since  nothing  can  be  gained  by  permitting  a cell  to  stretch  into  a 
natural  shape  near  the  top  the  conclusion  is  that  it  is  better  to  design 
the  cells  with  more  fabric  i n the  crown  so  as  to  conform  to  a cubical 
parabola  rather  than  an  ordinary  one. 

The  principal  difficulty  with  applying  the  theory  of  the  natiiral 
shape  is  that  the  design  depends  upon  the  ratio  of  balloon  weight  to 
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gross  load.  This  ratio  may  be  expected  to  vary  with  different  uses  of  the 
balloon  and  even  varies  during  flight,  if  ballast  is  dropped.  One  has  then 

either  ijO  iuak6  coiDproi£LL3s5  or  product;  <x  DulXcoii  thdu 

a natural  shape.  As  mentioned  above,  the  circumferential  stress  goes  to 
zero  irtierever  there  is  excess  fabric.  To  utilize  this  in  design  Winckler 
suggested  making  a balloon  out  s.f  a cylinder  of  fabric  of  radius  about 
that  (or  a little  greater  than  that)  of  the  desired  radius  of  the  fuHy 
inflated  cell  and  of  length  equal  to  the  total  "gore  length".  The  cell 
is  completed  by  gathering  the  fabric  together  into  folds  and  clanping 
with  suitable  rings  at  top  and  bottom.  If  this  is  done  with  reasonable 
care  the  cell  will  have  excess  fabric  everywhere  except  possibly  just  at 
the  equator  and  the  s trength  per  foot  will  increase  inversely  proportionately 
to^as  it  should.  The  remaining  care  to  be  taken  in  design  is  that  of  the 
valving  mechanism.  This  design  was  originally  conceived  to  eliminate  the 
tapes  which  seem  to  contribute  inordinately  to  solar  super  heat  but  it 
automatically  solves  the  shape  problem  for  any  load  ratio  and  at  all  stages 
of  flight. 


There  is  one  danger  in  having  excess  fabric  on  the  surface  and  that  is 
that  the  volume  of  the  balloon  then  depends  upon  the  pres  store  differential. 
Hence,  at  ceiling,  the  valving  sipeoToressure  might  enlarge  the  cell  and 
cause  it  to  oveorvalve  by  overshooting  its  ceiling  for  the  natural  shape  at 


This 


hs.s  no^  £tppwS2!*wCl  in  ^fiigh'ts  isiisrs  ccnS“On““ 


sphere  balloons  are  valved  to  operate  at  a sub-pressure,  however,  and  it 
seems  that  the  waorming  of  gas  after  the  valving  pressure  is  relieved  is 
more  than  adequate  to  compensate  it.  Obviously  ^isee  points  are  subject  to 
more  detailed  eoqoezlmentation  and  analysis. 
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SECnON  III-B 

CALCULATION  OF  CICLINDER  BALLOON  SHAPES 


The  80-called  "cylinder  balloon"  is  made  from  a cyl3.nder  of  balloon  fabric 
gathered  together  at  each  end.  The  cylinder  is  then  inflated,  and  the  shape  of 
the  balloon  depends  only  on  the  gore  length  (ehich  is  constant)  and  the  degree 
of  inflation,  eo  long  as  the  radius  of  the  balloon  does  not  approach  the  radius 
of  the  original  cylinder. 

As  the  balloon  is  inflated,  'Uiere  irill  be  a yolume  at  the  top  of  the  balloGTi 
idiere  the  pressure  of  the  gas  at  each  point  exceeds  the  pressure  of  the  outside 
air  at  the  same  vertical  height  above  the  bottom  apex  of  the  balloon.  In  the 
remainder  of  the  balloon  volume,  the  gas  pressure  elU  be  less  than  the  corres- 
ponding air  pressure.  The  former  region  can  be  said  to  have  "super-pressure*  and 
the  latter,  "sub-pressure".  The  height  above  the  bottom  of  the  balloon  of  the 
horizontal  plane  that  separates  the  sub-  and  super-pressure  regions  is  called  the 
"sub-pressure  height",  and  it  is  this  length  that  characterises  the  degree  of 
inflation  of  the  balloon.  As  the  inflation  continues,  the  sub-pressxire  height 
goes  to  zero.  If  an  appendix  is  put  on  the  balloon,  the  super-pressure  region 
can  extend  doni  into  the  appendix,  and  the  i^pendix  will  be  collapsed  below 
the  si^er-pressure  region.  The  distance  from  the  bottom  apex  of  the  balloon 
(vAiere  the  load  is  attached)  to  where  the  appendix  is  collapsed  is  the  "si^qper- 
pressure  height".  The  balloon  could,  of  course,  be  super*i^^8sured  without 
the  appenuix  means  of  an  appropriate  gas  fitting. 

For  a given  gore  length,  the  shape  and  volume  of  the  cylinder  balloon  will 
be  uniquely  determined  as  a function  only  of  the  sub-  or  siq>«r<^re88ure  height 
(pressure  difference  head  at  bottm  apex).  This  section  of  the  report  presents 
the  results  of  a calc\ilation  of  cylinder  balloon  shapes  and  voliimes.  The  shipes 
are  described  by  giving  the  height  of  the  balloon  from  top  apex  to  bottom  apex^ 
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the  radius  of  the  balloon  at  its  biggest  p<u*t«  and  the  total  opening  cone 
angle  at  the  bottom  of  the  balloon < 


Sub->pres8ure  balloon 


I 


I 

I 


S\q}er-pressure  balloon 
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Ihe  volume  is  computed  for  each  shape,  and,  for  the  sub-pressure  balloons, 
the  distance  along  the  gore  between  the  bottom  apex  and  the  pressure  difference 
zero  is  coirputed  as  w sub-pressure  arc  length".  It  is  this  length  that  determines  ^ 
for  instance,  how  far  from  the  bottom  apex  one  would  want  to  terminate  a duct 
appendix  to  get  a certain  degree  of  "sub-pressvire"  with  its  attendant  volume 

I defect  and  cone  angle.  The  shape  and  volume  are  given  in  terms  of  a balloon 
vhose  gore  length  is  one  unit.  The  height,  maximum  radius,  volume,  and  pres- 
sure head  at  bottom  apex  are  to  be  scaled  up  to  the  appropriate  gore  length. 

The  purpose  of  the  following  exanples  is  to  illustrate  the  use  of  the 
curves: 

(1)  A duct  balloon  has  its  duct  cut  off  2$%  of  the  way  \op  from  the 
bottom  apex.  “Hie  gore  length  of  the  balloon  is  75  feet. 

For  a vinit-gore-length  balloon,  the  sub-pressure  arc  length  would 
be  0.250.  From  the  curves,  the  pressure  head  at  bottom  apex  would 
be  -O.205  (Fig. 2).  This  coiresponds  to  a cone  angle  of  68°(Fig.2), 
a radius  of  0.300  (Fig. 3),  a height  of  0.708  (Fig. 3),  and  a volume 
of  0.103  (Fig.l).  Thus  the  75-foot  gore  length  balloon  would  have 

height  ■ 53  feet 

I radius  = 22.5  feet 

I 

volume  a h3,000  cubic  feet 

(2)  A cylinder  balloon  of  gore  length  90  feet  is  to  have  a 90°  cone 
angle  at  the  bottom. 

A 90°  cone  angle  corresponds  to  a pressure  head  of  -O.O60  *\t  the 
bottom  apex  (Fig. 2),  artiich  in  turn  inplies  a sub-pressure  arc  length 
of  0.100  (Fig. 2}  for  a unit  gore  length  balloon.  The  duct  should  thus 
be  cut  10$  up  from  the  bottom,  or  9 feet  from  bottom  apex. 
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(3)  k balloon  with  an  appendix  of  negligible  length  at  the  bottom  apex 
Is  to  have  a voluine  of  50^000  cubic  feet. 

A balloon  of  unit  gore  length  and  zero  pressure  head  at  bottom 
apex  would  have  a volume  of  0.lli3  (Fig.l).  For  gore  length 
the  vo3.ume  would  be 

0.1U3  si 

Hence, the  gore  length  of  the  balloon  should  beSp^^s  Ul.5  feet. 

(U)  A balloon  has  a gore  length  of  75  feet  and  an  appendix  that 
extends  kS  feet  below  the  bottcxa  apex  of  the  balloon. 

On  valving,  the  pressure  difference  head  at  bottom  apex  on  a 
similar  balloon  of  unit  gore  length  would  be  +0.600.  From  the 
curves  the  volume  would  be  0.1U7  (Fig.l),  the  height  0.555  (Fig. 3), 
radius  0.360  (Fig. 3),  and  total  cone  angle  at  apex  of  lUl°(Fig.2). 
The  75  foot  gore  length  balloon  would  have 

height  r Ul.6  feet 
radius  ■ 27.0  feet 
volume  s 62,000  cubic  feet 

In  comparison  with  the  balloon  of  example  (l),  this  bcQloon  is 
bigger  in  volvune  and  more  oblate  in  shape. 

The  curves  given  below  were  calcuilated  under  the  assumptions  that  there 
is  cylindrical  symmetry  about  the  vertical  axis  and  that  the  fabric  weight  is 
small  coiipared  to  the  wei^t  of  the  load. 

The  fabric  tension  in  a cylinder  balloon  is  entirely  meridional  and  is 
constant  everywhere  on  the  balloon.  If  P is  the  radius  of  the  cylinder  from 
which  the  balloon  was  made,  then  the  tension  per  unit  length  in  the  balloon 
fabric  isi  ■ A 
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nhere  I-  ±a  the  load  attached  to  the  bottom  apex  and  0 is  the  total  opening  cone 
angle  at  that  apex.  1 curve  shoeing  sec  is  given. 
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e *••*■«■■■■■■■■■■>■■  PvvBi  ■'■■HP  ■■■■■■■■■■■*■■■■■■■ 

• ■■•■■■■■■■■■■«■•■«■■■■■■■)«■■■  ■■■■•■eH HP  I 1 ■*«■«■■■  ■■■!!«  V«T«WBP*PHPmpPrPPPne^BaV'tVPHPB'IPPI  ■■!■■■■■■■■■■■«■■■■■  VBHMBBPPPPMBPI  ■■■■_ 

■■■■■■■■•■•■■■■■■■■a ■■■■asBaai ■■■■■■«■■■  b «■•■■■■■■  ■■■■■■■■■a ■■■■■  ■■■■■■■■■■■■■■■»■■«■■  aaa «*■■■« ■■«■■■■■■■■■  ■■■■■aaBBaapaea ■■■«■ 
'■•■<■■•■»■■■•■■■■■■■■■■■#<•■«■  ■■■■■«««■■  ■!!  ■■pkBBBBB  pPiilaiiBiiBp  «■■  BipprB  ■■■«■■■«■■■■■«*[■■■■■■  ■BUBMaaes  laa*!  ■■aaaaaaaBBaaa*  HBaHaBMaBa  ■bbbvpbbbb 
■■■BaaBBB  a ■■■■■■!«■■  ■BaaaBHBae  •aBBBBSBia  ■("-BaBBaaBB  IBB  BBBaiaBBBaBB  BBiraa  IBB  BBBVBaB  laBBaBaBBa  »£«■■■■■■■■«■  ■■■■■bbbbbbbbbb  BBBsaBaaaa  BBS  BBMaaaa 
■BBaBa«BHapaaaBpeBaiiBBBaaBaaaB  •bbbbbbbbb  ■(  BaBBBBBa  laaBBaBaBB  bbbbbbbbbb  iPaBaaviBi  VBBBBBBViieieieuaaaBaHBaapBaBBaaaaaaBBBaH  BBBBB'BBaBeBBBBB  iaasB 
BBiaa  aa  B ■ B ■ bhbb  Ei  bbb  ■■■aa  aa  aa  ■ aa  aa  ■ aa  a ■ a k aa  ■ aaBaa  a bb  bI  ■ aa  aa  anaa  aia  a a a Baaa  in  a a a a a aa  aa  bb  a aaa  aa  a ap  ■ a aa  bbb  a bb  ia  a aa  aaiBsaa  a a bbb  aaa  ai  a aa  a a B a aa* 
aaaaaaaaaaaaaaaaaaaa  aaBaaaiBaaaBBBaaaBaBai  BBaaBaaaaBBaBVBaBPiBaaaBBaBaBBBBaBBBBaaaaBaBaBBaaBaBBaBaaBaaaBaaaaaaaaaaBBBBBBaBBBaBaaaB  aBBaaaBBBa 
BaaBB  BaaaB  BBaaa  iaaBB  afraBapipaa  laaaaaaaaa  aa  aaa  aaapa  aBBBBaBaBaaaaaaBaaaa  aaaaaaaaaa  aaaaaaaaaa  aBaaBaBaaBBaBBaaBaBaaBaBaaBaaB  aaB.«  i aaaaa  ■BBaapaaap 
BBaaa  aaaa  ■■Baaa  a aaaa  aBaap  aa  bp  ■ aaaaa  ■■■-■■  ■■  apapaapp  ■■■■■■■■■■  aaPaapaBaa  ■■■■■■■■■■■■■■■■■■■■  ■■■■■BBaap  aaaaaBBPaaapPaaBBHaa  app  J-appaaPBaaBaaBaa 
aaaaa  aaaa  a a Haas  aaaa  a a aBBP  aaaa  a aa  Baa  BBB  a B BB  BBB  BBBBB  aaBBaBBaap  aaBaapaaBB  aaaaaBaaaa  appBBBBBBa  aBaBaaBBaa  aBBBBBBPBB  aaBBBBBBap  aBB^BPBaa  BpaapBaPBB' 
BBiBaBaBiB  BBHBBaiBBB  BaaBapaBBa  aaffBi  aBHiH  aa  aaBaaBaa  aaBBBBHBBB  bbb  bb  ip  bhb  aBBBaaaBBa  aHaBBBBBHa  aBBPp  aaaaa  aBBBBBBBBB  aaBBaaBBaa  aBBpaBBaaa  bbbbbbbbbb 
BPaBaBBaaBaBaapaaBaaaaaaaBBBaBBBBaBBBBBBBa 

BBBBBBB  BBBBBBBBBB  aapaaf BBaa  aP  <1!  !■■§■■■■■■  ■■■■■■Mi!  !ii liiMBam  apapB_ag, " ^ =aaaa«BM^^^^™aaaa 

I aPBaa  a^aaa  aaa  ga  a Baaa  BB  BBa  aBBBl anii  i — — — — - . 

■ BBBBaBBBB  aBaBBBBaBB  aaaaaaaaaa  BBBBBBpaBa  aBaBBaaaaa I 
BBBBaaaapB  aBBBBBBBBB  BBBBBBBBaa  BaBBaBBaBaaBBaaBBBBa I 
aa  ap  a ma  paa  a bbbb  aaaaa  aaa  a a a a a aa  ap  a ■ a ■ aaaa  a a aaa  a aaa  a ■ 
ap  BB  ■ BB  BBP  B Pa  Pa  aa  aaa  bbp  a a aa  aaa  pa  a " ^ a paaa  aa  aaa  aaa  a a a 

BBaaB  BBaaa  aapPBBBPBB  BBBBIBBBfll  BB  Baa  BBBBB  BBBBBBBBBB  I 

aaBBpBIlBBB  BaBBBBBBBa  BaBaBBBP^B  B *~BBBBBBB  BBB  IBBBBBaaiiaaB  BPapa  aapPPaaBPa  ■■■aBBaapa  ■BBBaBBBaBaBBBBaBBaB  BBaBBaBBaB  BBBBBHpaaa  BBPBBBPaBa  ap  BBB  aaaaa  I 
BBBBBaBBBa  BBBBB  BBBBB  BBBBBBBl-^  I apaaBBaaBB  BBB  ipaBBBBaaBBBBBBBB  BBBBBBBBBBBBBBBBBBBB  BBflBBBBSBBBaaBaHBBBa  aaiBBBBBBfl  BBBBBBBBBB  BBBaaBBBBB  BBBBBaBBBB  | 

■ BBr-Pa^vBBBBHBaaBP.  liaaBaaBBBBaaBBBBaaaailBBPaBBBBBBBBaBaaBBBapnaaaBBaBVBBai - 

BBF  ^p  ab^aapBaBa  aaat  laapaaBaaBBa  aBaBBaBBaBaBaBaaBBaBBBaBaaBaaaaBBBa  aaBaaBapai 
BBBPBB  ■•BBBB  BBB  BBBI  BBBBBB  BBBBB  BBBBB  BBBBBBBBBBBB  BBBBB  BBB  BBB  BBBB  BBB  BBBBBBB  BBi 
BBk  ^ PB  JBBBBBaPP  BBBI  BBBBBB  BBBBB  BBaHaflBBflaBaBBBaflaaaBaBaBB'BBBaBiaBBeBBBBaBBBi 
a BBBB  a BBBB  BBBBB  BtfB  BB  pap  BB  B BSaP  ■ VBBBBBBBBBBI  BBBBB  BBB  BBB  BBBBBB  BB'BB  BBB  BBBBBB  BBB  BBB  BBB  BBBB  BBB  BBBBBBB  BBB  BaBBaaBBaa  BBaBBBBBPBBBB  m*  BBBBB  BBBPBBB'BBB 
PPBBBBBBBB  BBBBBBBBBP  ■pBappaapaa^-aaaaaaB  PaaB  a a paa  aaa  BBB  B BBaa  BBB  BaBBBaBPBBa^aBBaaaPB  BBP  aBaPBaa  aaa  aaaaa  aaaa  BPBppB  BBBBB  BaBBiiaBb-rfBaBaB  BBBB  BP  BBBB' 
BBaaBBBaaaapaBBaBBBBaBaaBapnaaa^  -BaappapaBaa  ■BBBaBBBaaa  aaPBa  BBBBBBBaBaaBBBBPBaaa  aBaBBPBBaBBBBBaapaaa  apBpmrpaB'Baaaa  ■aBaBaaHaaaBBBaBBBBaBBBBa 
aaBBBBBpap  BPBBBIBBBB  BBBBBBHl^  ' IB^  '■HaBHBHB  BHBB  IHBPBBBHBB  BBaPP  BBHBPBHBBiPBBnPPBHB  ■HflHBBBBBBBHPHB  BHHaa  BBBBBBBBBB  BBBBB  BipapppppppaapB  BBPaBPaPaa 
BBBBBBBBBB  BBBBBBBBBBPBBBBBBC..  .1  ab'"BBPBBBP  tBBB  IBBaBBaBBaB  BBBBB  PBBBaaaaaBBffBaaapBBB  BBBBaBaaBBiaBaaBBBBB  BBBBBBBBBB  BBBBB  BBB  BBBBBB  BBB  BBB  BBBBBaBBBB 
ppaapppppp  pa  aaa  aaBBB  BBBBB  Bar  ^B'^PBaaBaBB  bbbb  IBBBBBBBBBB  BBBSB-BPBBBBBBBBaaBBBBBBBB  BBBBBBBBBBBBBaBBaBBB  BaBBBaaBaBaaBB’PPapppppBBBBBPBBBBBBBaBPBB 
B BPB  B a BBBB  PP  BP  B PPBBP  ■■■■apar.^a  a 1 PP  PPBPP  aafl  P’ ' BBBB  B BBaBB  BBaPB  BIB  BB  BBB  pP  BBBB  B PP  ■ aB  B BP  BP  BB  BPP  BB  ia  a pp  paP  ■ PPPP  PPPPa  PPPBPBP  BBB  BBBBB  BB  BB  B BB  BBBB  B BBB 

bbpbbpbppb  ppppappHBaBBBaa ipk-.p  a^tapappiBp  aaai’,  iBBaBBasaB  ■BHaapBBBaBaBaBBaaBBBaapappBBaBBaBBapBBapBBap  aBaBaaBBBPBpapa  ppppp  BBBBBBBBBBBBBaBBBPaB 
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Derivation  of  Equations 

With  each  shape  of  balloon  there  is  associated  a potential  energy.  The 
shape  that  actually  obtains  in  a cylinder  balloon  is  the  shape  that  oinlmises 
the  potential  energy  under  given  boundary  conditions.  This  is  clearly  a problea 
in  the  calculus  of  variations.  Thus  we  seek  the  curve,  whose  parametzdc  repre- 
sentation is  tx  s fl(s)  and  %«'%(&),  that  is  an  extremal  to  the  variation  problem: 

SJL 

S' 

where  the  integral  is  proportional  to  the  balloon’s  potential  energy, a and  ?• 

are  as  shown  below,  and  the  dot  indicates  differentiation  with  respect  to  ti^e 

arc  length  S . , 

iS«  0 


I 

For  convenience,^  ao  corresponds  to  the  plane  where  the  pressure  difference 
across  the  fabric  is  sero.  Thus  the  pressure  difference  at  any  point  is  ^ 
idiere  yS  is  the  difference  in  density  between  the  outside  air  axxl  the  lifting 
gas.  The  pressure  difference  at  the  bottom  apex  is 

As  stated,  the  variation  problem  implies  that  the  are  length  (gore  length) 

•A  * & < 

is  constant*  The  variation  is  subject  to  the  condition  that  rx  ^ ^ ^nd 
that  rt  (o)  a n.  a 0 azxl?(S^)  is  given  as  Accordingly,  our  problem  is 

the  minimisation  of  the  integral: 

-f-  (lb+ 

where  K.  is  a function  of  s » but  does  not  participate  in  the  variation*  The  Suler 
equations  for  this  problem  are  obtained  lamsdlately  ast 
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^ (? n-V  5 K ?;)  - n.’?=o 


» 3 

UBing  the  relation  2-  — ^ the  equations  can  be  written: 

KVi-n,?2  = 0 


K2-  + n.2  a = o 


K =a  O 


The  equation  (3)  gives  K = constant. 

The  volume  of  the  balloon  can  be  obtained  directly  from  eq\iation  (2) 

o 

as  follows 1 ^ 


using  equation  (2) 


=;  -^ir  K {.il 


V*  \ ^ -^ir  K LrJ^, 

If  the  load  (■  p\/)  is  supported  entirely  at  the  bottom  apex,  then  ^ (o)  e O^and 

Vs  _ ;iir  K?  c? >•>  = -? 'IT' K cos-|- 

if  6 is  the  total  opening  cone  angle  at  the  bottom  apex. 

As  a result  of  the  variation,  there  is  a boundary  term: 

which  aast  vanish.  It  does  vanish  by  virtue  of  the  conditions t 

% ^ Co)  = S a Cs  v)  = 7 ? Ci  >•)  = O 
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(The  quantity  J 2 (o)  is  arbitrary,  but  a Co)  ~ O and  B Co) 

The  result  of  the  solution  of  the  set  of  differential  equations  (1)  and 
(2)  can  be  expressed  as  a fanily  of  solutions  with  parameter  Be  (pressure 
difference  head  at  bottom  apex)  with  unit  gore  length  S>.«t . From  those 
solutions,  the  volume,  cone  angle,  height  and  maxLeum  radius  of  the  unit  gore 
length  balloon  can  be  obtained. 

The  solution  of  the  differential  equations  was  done  with  the  aid  of  a 
Beeves  Analogue  cooputer. 
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SECTION  III-C 
CYLINDER  BALLOONS 

A critical  study  of  the  balloon  shape  problem  has  been  carried  out  on  the  REAC 
computer.  A consequence  of  this  study  is  that  a balloon  which  has  adequate  material 
in  it  will  take  on  the  natiaral  shape  and  thereby  become  a balloon  idiich  has  a zero 
circumferential  stress.  It  was  this  fact  made  evident  by  the  study  of  the  physica 
of  balloon  shape  that  lead  us  to  the  idea  of  making  a balloon  without  tapes  and 
having  the  load  carried  by  the  plastic  itself.  For  such  a balloon  the  question 
was  asked  as  to  what  shape  or  configuration  one  should  begin  with  in  order  to 
have  the  stress  in  the  plastic  everywhere  the  same.  The  answer  to  this  question 
turns  out  to  be  that  a balloon  which  is  made  of  a cylinder  tied  together  at  the 
ends  will  have  everywhere  the  same  meridional  stress  and  at  the  same  time, if  it 
has  enough  gores  in  it  so  that  it  can  become  natural  shape, will  everywhere  have 
zero  circumferential  stress.  There  are  various  possibilities  for  such  a balloon. 

One  can  use  the  duct  appendix  cut  at  some  position  above  the  bottom  of  the  balloon 
as  with  the  cone -on-sphere  balloons  and  in  this  case  one  has  a sub-pressure  balloon. 
If  one  brings  the  duct  to  the  bottom  of  the  balloon  or  if  one  has  an  open  skirt 
appendix  at  the  bottom  one  may  have  such  a balloon  with  so-cajJ.ed  zero  pressiare 
or  with  the  pressure  at  the  bottom  of  the  balloon  equal  to  outside  atmospheric 
pressure.  Finally  if  one  brings  the  duct  well  below  the  bottom  of  the  balloon  it 
is  possible  t o have  a balloon  which  is  a super-pressure  balloon  and  which,  there- 
fore, is  relatively  independent  of  fluctuations  in  temperature  provided  these 
fluctuations  do  not  correspond  to  more  than  the  amount  the  balloon  is  sijper-pres- 
sured.  It  is  easy  to  see  iriiat  the  ultimate  requirement  on  such  a balloon  is  from 
the  standpoint  of  carrying  a heavy  load.  Since  the  stress  in  the  plastic  is  all 
meridiorial  and  since  it  must  lift  the  load,  the  vertical  component  of  this,  stress 
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at  the  bottom  of  the  balloon  must  be  equal  to  the  Height  of  the  load.  Let  us  take 

of  U5’  gore  length 

an  example.  For  a 25'  diameter  cylinder  tied  together  at  the  ends,  a balloon  made 
of  1-mil  polyethylene  material  contains  approximately  1 square  inch  of  material. 

Hie  ultimate  tensile  strength  of  polyethylene  is  2000  pounds  per  square  inch  and 
consequently  this  25'  balloon  will  lift  a load  at  ultimate  tensile  somewhere  in 
this  vicinity.  Because  the  cone  angle  is  not  zero  but  is  more  like  50°  the 
ultimate  load  is  reduced  by  the  appropriate  geometric  factor  to  about  l800  pounds. 

It  would  not  be  possible  to  test  such  a balloon  to  ultimate  as  a sub-pressure 
balloon  or  as  a zero-pressure-at-the-bottom  balloon  because  of  the  fact  that  its 
volume  at  sea  level  is  not  large  enough  to  lift  the  required  load. 

The  first  cylinder  balloon  made  under  these  circumstances  was  tested  at  the 
time  of  the  Balloon  Meeting  held  here  at  Minnesota, December  11  and  12,  1952,  and 
various  members  of  the  audience  were  invited  to  look  at  it.  It  consisted  of  a 
12'  diameter  cylinder  with  a dirt  appendix  on  the  top  and  it  was  inflated  behind 
the  lecture  room.  It  took  on  the  natural  shape  as  expected  and  did  this  without 
the  introduction  of  any  circumferential  stress.  The  position  of  the  zero  pi-essure 
level  could  be  readily  varied  by  raising  the  duct  and  allowing  the  balloon  to  valve 
and  the  position  of  the  zero  pressure  level  was  evident  by  looking  at  the  balloon 
to  be  the  place  where  the  curvature  of  the  balloon  changed  its  direction.  Since 
this  preliminary  test  was  so  successful  it  was  decided  to  go  ahead  and  attempt 
larger  cylinder  balloons  and  the  next  size  which  was  studied  was  one  which  was 
25'  in  diameter,  U5'  long.  This  ratio  of  diameter  to  length  is  such  that  one 
can  obtain  natural  shape  balloons  only  for  sub-pressure  balloons  since  if  the 
zero  pressure  level  is  placed  at  the  bottom, the  diameter  of  the  balloon  is  not 
quite  large  enough  to  allow  the  balloon  to  tadce  the  natural  shape  without  the 
introduction  of  circumferential  stress. 

*The  polyethylene  cylinders  were  manufactured  by  General  Mills,  Inc. 
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Figure  1 shows  a series  of  shots  of  the  smaller  cylinder  inflated  in  the 
lecture  room.  Figure  2 to  Figure  k show  a similar  series  ofdiots  of  t he  25' 
diameter  cylinder  inflated  in  Williams  Arena.  These  pictxires  were  taken  as  the 
inflation  of  the  balloon  is  continued  and  the  last  picture  corresponds  to  a balloon 
lifting  570  pounds  gross.  The  material  carried  the  load  very  well,  in  the  absence 
of  tapes,  and  there  was  no  evidence  that  any  of  the  components  of  the  system  were 
failing.  Actually  two  tests  were  made  with  the  25'  polyethylene  Innil  cylinders. 

One  of  these  was  a test  in  which  the  inflation  consisted  of  half  air  and  half  helixun, 
and  the  second  consisted  of  an  inflation  cf  pure  helium  (Figures  2 to  Figiires  U). 

Both  tests  were  a complete  success  and  it  was  felt  that  at  least  with  this  load  which 
was  well  below  ultimate  in  the  material  the  balloon  performed  satisfactorily. 

Figure  9 shows  the  measured  gross  lift  obtained  for  the  25'  polyethylene  cylinder  as  a 
function  of  the  duct  length  along  the  gore  from  the  bottom  to  the  zero  pressure  level. 

As  can  be  seen,  there  is  a very  large  volume  defect  if  the  duct  is  cut  short  on  a 
sub-press\ire  natural  shape  balloon  as  the  balloon  immediately  begins  to  shrink  at 
the  point  of  mximum  diameter  if  the  dvict  is  cut  higher  than  the  point  at  idiich 
circumferential  tension  sets  in.  The  comparison  of  this  cujrye  and  the  theoretical 
results  are  given  in  Section  III-B,  and  the  result  of  the  theory  for  this  balloon  is 
shown  in  Figure  9.  comparison  with  theory  is  on  an  absolute  voliime  basis 

and  the  two  cxurves  have  not  been  normalized. 

One  of  the  principail  advantages  of  the  cylinder  balloon  aside  from  its  ease  of 
manufacture  and  cheapness  of  construction  lies  in  the  fact  that  tthe  balloon  material 
itself  carries  the  load  rather  than  having  to  transfer  it  to  the  tapes  which  then  carry 
it  to  the  load.  In  order  to  utilize  this  property  to  the  greatest  extent  it  is  desirable 
to  have  a balloon  constnicted  of  material  of  as  high  a tensile  strength  as  possible. 
Polyethylene  does  not  really  satisfy  these  requirements  since  its  ultimate  tensile  is 
only  2CXX)  pounds  per  square  inch.  Consequently  we  began  to  investigate  the  posslbll- 
ity  of  using  Mylar,  a material 
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A.  A group  of  visitors  inspecting  the 
duct  on  the  first  small  cylinder* 


B*  View  showing  the  zero  pressure  level 
in  the  duct* 


C*  Examination  of  the  balloon  to  determine  Examination  of  the  balloon  to  determine 

its  circumferential  stress*  circumferential  stress* 


Sec  III-C  Fig  1 
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C*  Grose  load  equals  303  pounds,  D*  Gross  load  equals  353  pounds. 

Sec  III-C  Fig  2*  A 2$'  diameter  by  Sore  length  polyethylene  cylinder  at  Tarious 
stages  of  inflation  vlth  pure  helius,  Itie  gross  load  lifted  is  indicated  in  each 
photograph.  Because  of  the  slack  material  near  the  bottom  the  true  cone  angle  of 
the  natural  shape  balloon  is  not  neeessarily  the  observed  cone  angle  in  the  photo- 
graph. 
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C.  Qrcss  load  equals  t71  pounds.  Top  view  ox  Tuny 

Inflatad  cyUndar.  Gross  load  scoala 
U71  pounds, 

Sse  IH-C  Fig  3 A 251  dia»tsr  by  li5«  fors  Isngth  poljstlgrlsno  cyUndsr  at  Tarious 
stacss  of  Inflation  with  purs  holit^.  lbs  gross  load  Uftsd  la  ixuUeatsd  in  tsuh 
photograph.  Bseaaso  of  tho  slaek  natorial  boot  tho  botton  tbo  troo  eons  sf 

thoaatnral  ohapo  ballsoo  la  not  noeoaaarlljr  tho  sbaorrod  omw  anglo  in  tho  photo- 


I 
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developed  by  DuPont, irtiich  has  an  ultimate  tensile  of  26,000  pounds  per  square  inch. 
This  factor  of  ten  improvement  in  ultimate  tensile,  of  course,  meauis  that  a balloon 
of  approximately  l/lO  the  weight  can  lift  the  same  load,  A 25'  by  ii5'  l(ylar  cylin- 
der was  constructed  and  inflated  in  Williams  Arena  with  piire  helium.*  The  balloon 
itseli'’  weighed  approximately  6 pounds,  was  made  of  ^ndl  material  and  when  the 
inflation  was  complete  and  the  balloon  had  taken  on  the  natural  shape  for  its 
ma-iriTmim  diameter  the  gross  load  was  5?U  pounds.  Even  with  this  load,  which 
represented  the  maximum  volume  of  the  balloon,  one  was  far  from  the  ultimate 
tensile  in  the  l<ylar  material  but  it  was  felt  that  the  general  idea  and  the 
possibility  of  using  Hylar  in  such  a balloon  had  been  adequately  tested. 

Figures  III-C5  to  III-C8  show  a series  of  shots  of  the  Itylar  balloon  which 
are  strikingly  different  from  the  polyethylene  in  its  marked  transparency  to 
visible  radiation.  It  is  clear  that  one  can  see  the  stands  of  Williams  Arena 
through  the  balloon  and  when  the  inflation  was  being  carried  on^  one  had  the 
inqjression  that  the  balloon  was  much  like  a soap  bubble.  During  this  test  one 
of  the  nylon  lines  seciiring  the  balloon  to  the  Arena  snapped  and  the  balloon  had 
to  rise  anproximately  2 feet  before  being  stopped  by  a second  line.  The  balloon 
took  a marked  shock  at  this  time  and  vibrated  like  a bowl  of  jelly  but  no  harm 
to  the  balloon  was  done  and  it  was  felt  that  the  natural  shape  balloon  without 
tapes  could  stand  appreciable  shocks.  It  is  well  known  that  Hylar  has  extremely 
good  low  temperature  properties  and  therefore  a hangar  inflation  on  a Hylar 
balloon  is  essentially  the  equivalent  of  a flight  test  except  for  the  effect  of 
01*  ozon.6  “wJiich  lists  yst  "to  bs  i.nvss't-^gst't-sci. 

In  addition  to  the  hangar  tests,  four  flights  of  25'  diameter  by  US'  long 
Hylar  cylinders  have  been  carried  out  (flights  #59,  60,  6l  and  62).  The  first 
of  these  four  flights  was  a Hj^lar  cylinder  which  had  been  inflated  in  the  Arena 
and  in  the  process  of  deflating  this  balloon  it  was  dropped  • On  launching  this 

*A11  of  the  J^lar  cylinder  balloons  described  here  were  manufactured  by  Herb 
Shelly,  Inc.,  Farmington,  Itlnnesota, 
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A*  Gross  load  equals  27U  pounds. 


Be  Gross  load  equals  329  pounds. 


C.  Oroas  load  .quid.  379  pounda.  ^ yTT-n  5 a<jaala  1*29  pe«iada. 

Sac  lU-C  Fl(a  5fc6.  A 25'  dlaMtar  bj  li5*  !<»•  langtta  Iferiar  ojUndar  at  Tarloua  ata«.a 
of  inflation  with  pur.  ballta.  Th.  groaa  load  lifted  ia  indlcatwl  on  aaeh  photograph. 
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A*  Gross  load  equals  1x79  pounds# 


B*  Gross  load  equals'  529  pounds# 


D*  Gross  load  equals  57U  pounds# 


S9C  lu-c  Pig  6 


Confidential  Security  Information 


Confidential 


Page  III-C-37 


Confidential  Security  Information 


I 


C»  A Tlw  from  tbs  bsleony  looldiig 
down  at  ths  eoaplataly  inflatad  IC^lar 
ojUadar. 


D#  Tlaw  of  tbs  bottom  of  ths  exlindar 
unsporting  a man  plua  additional  tanalon 
Sec  ni-C  Fig  8 in  the  line. 


Confidential  Security  Information 


Confidential 


Page  III-C-39 


balloon  rose  only  approximately  200  feet  in  the  air  and  came  back  down  immediately* 
This  was  either  because  of  under-inflation  or  because  of  damage  in  the  Arena.  The 
three  flights  following  this  first  one  were  all  extremely  successful.  They  behaved 
as  one  might  have  anticipated  and  showed  no  evidence  of  deterioration  at  ceiling, 
at  least  in  the  period  of  2k  hours.  There  was  also  no  evidence  in  any  of  these 
balloons  of  measurable  leakage.  The  sunset  effect  on  these  balloons  corresponds 
to  3%  of  the  displaced  air  rather  than  6^  to  9%  of  the  displaced  air  in  polyethy- 
lene balloons  equipped  with  tapes,  Tfeis  reduction  in  sunset  effect  would  be 
reflected  in  a direct  reduction  of  ballast  consun^jtion  in  the  same  ratio,  that 
is,  the  ratio  of  3/9*  Since  essentially  only  sub-pressure  cylinders  have  been 
tested,  one  of  the  future  objectives  of  the  program  will  be  to  investigate  the 
zero  pressure  at  the  bottom  and  super-pressure  balloons  since  these  balloons 
should  inherently  be  more  stable  and  not  show  over-valving  characteristics  as 
do  the  slack  sub-pressure  natural  shape  balloons.  These  over-valving  charac- 
teristics will  be  described  in  more  detail  in  the  next  report  in  which  the 
flights  represented  by  the  Mylar  balloons  are  described  in  detail. 

A rather  sinple  sequence  can  be  set  up  for  the  design  of  a zero  circumfer- 
ential stress,  natural  shape,  cylinder  balloon.  It  is  to  be  stressed,  however, 
that  in  order  to  obtain  the  proper  performance  from  such  a balloon,  the  procedure 
indicated  below  must  be  followed  carefully.  First, one  must  decide  whether  the 
balloon  is  to  be  sub-pressure,  super-pressure,  or  zero  pressure  at  the  bottom. 

Yfhen  this  decision  has  been  made,  the  ratio  of  the  height  of  the  balloon  to  the 
diameter  of  the  balloon,  or  in  a similar  way,  the  ratio  of  the  gore  length  to 
the  diameter  is  determined.  This  means  that  the  initial  choice  of  how  the  balloon 
is  to  be  operated,  i,e.  as  super- or  sub-pressure  determines  the  ratio  of  the  dia- 
meter to  the  height  of  the  balloon  as  well  as  the  cone  angle  at  th«  bottom.  The 
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way  the  ratio  of  diameter  to  height  or  gore  length  to  diameter  is  a f\inction  of 
the  sub— pressure  height  is  shown  in  detail  in  connection  with  the  REAC  calculations 
on  the  natural  shape  balloon  in  Section  III-B  of  this  report.  It  is  possible  to 
operate  a balloon  whose  gore  length  is  1.3  times  its  diameter  as  a sul>*pres8ure 
or  super-pressure  balloon.  A balloon  made  froma  cylinder  of  these  dimensions 
will  always  have  enough  material  to  take  on  the  natural  shape  regardless  of  the 
super-pressure.  Our  original  choice  of  a cyliikler  U5*  long  by  25*  diameter  can 
be  replaced  by  a balloon  US'  long  by  35*  in  diameter  and  the  latter  balloon  can 
be  operated  as  a super-pressure  or  sub-pressure  balloon  depending  on  the  choice 
of  duct  length.  Current  designs  are  based  on  this  result. 

It  should  be  enphasized  that  the  results  of  the  theory  must  necessarily  be 
used  if  the  proper  behavior  is  to  be  obtained  from  cylinder  balloons  in  which  it 
is  possible  by  means  of  the  duct  to  place  the  position  of  the  zero  pressure  level. 
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<3vninTr»M  TTT_r> 

COMPUTED  "NATURAL"  BALLOON  SHAPE  FOR  A SPECIFIC 
REQUIREMENT  OF  THE  MOBY  DICK  PROJECT 

The  tailored  shape  of  a balloon  is  not  necessarily  the  shape  that  the 
balloon  will  assume  when  it  is  floating  at  its  celling  altitude.  If  the 
tailored  shape  is  chosen  arbitrarily  (sphere-on-cone,  etc.)  "Uiere  will  be 
regions  on  the  balloon  in  which  the  fabric  develops  (circumferential)  tensions 
perpendicular  to  the  gore  seals,  and  other  regions  in  which  there  will  be  excess 
fabric  lying  in  folds.  Both  kinds  of  regions  can  be  avoided  by  proper  choice  of 
the  tailored  shape.  This  shape  is  sometiiiBS  called  a "nat\iral  shape"  and  is 
uniquely  determined  as  a solution  of  certain  differential  equations  once  the 
quantities  that  enter  the  equations  as  parameters  have  been  specified.  These 
parameters  depend  on  the  following  conditions:  volume  of  the  balloon  (or  gore 

length),  weight  and  nximber  of  load  bearing  tapes,  weight  per  unit  area  of  the 
fabric,  weight  of  the  load,  and  pressure  difference  across  the  fabid.c  at  the 
bottom  apex  (i.e.,  appendix  length).  A "natural  shape"  balloon  will  assume 
its  tailored  shape  at  ceiling  altitude  without  developing  circvunferential 
tension  or  having  excess  fabric. 

The  "natural  shape"  given  below  was  calculated  using  a specific  require- 
ment of  the  MDBY  DICK  project.  The  shape  is  applicable  only  to  "Uie  conditions 
given.  The  calculations  were  made  the  the  aid  of  a Reeve’s  analogue  computer 
(REAC). 

Given  Conditions 

volume:  U9fl00  cu.  ft. 

Pay  load:  265  pounds 

Fabric  weight:  0.012?  Ibs/sq.  ft.  (2.5  mil  polyethylene) 

Tape  weight:  0.005l5  Ibs/linear  ft.  (#850  glass  filament) 

Approximate  number  of  gores  j 35  (5U  inch  fabric  width) 

Circumferential  stress:  zero,  throughout. 

Pressure  difference  across  fabric  at  bottom  apex:  zero. 
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Coordinates 

r is  the  radial  distance  from  the  axis  of  the  balloon* 


s is  the  vertical  distance  along  the  axis,  measured  up 
from  the  bottom  of  the  balloon. 

Both  measuz^ments  are  in  feet. 


Values 




r 

0 

0 

1.5U 

2.25 

3.70 

5.32 

U.33 

6.22 

6.17 

8.79 

6.9? 

9.98 

8.38 

11.75 

9.21 

12.82 

10.32 

IU.12 

12.Uli 

16.55 

15.U8 

19.26 

16.95 

20.39 

18.08 

21.17 

20.56 

22.59 

22.23 

23.39 

2U.52 

2U.12 

27.69 

2U.65 

28.23 

2U.67 

28.60 

2U.69 

29.29 

2»4.66 

z r 


29.83 

2U.63 

30.38 

2U.58 

31.05 

2U.U8 

32.18 

2U.12 

33.95 

23.75 

35.15 

23.27 

35.31 

23.18 

37.35 

22.00 

37.  U2 

21.95 

38.52 

21.12 

Uo.50 

18.92 

Ui.62 

17.13 

U3.02 

IU.02 

U3.05 

13.92 

U3.78 

11.17 

UU.12 

9.51 

1;U.26 

7.55 

UU.36 

5.U5 

14i.38 

5.00 

Uli,39 

0 
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SECTION  III-E 
APFEHDH  IgSlON 

The  performance  of  the  flights  with  open  or  standard  appendices  in  the 
bottom  of  the  balloon  Indicated  that  a definite  mechanism  to  exclude  air  was 
essential  in  pursuing  the  study  of  balloon  behavior.  The  flights  prior  to 
flight  #36  shoired  that  air  intake  through  the  appendix  could  be  responsible 
for  altering  the  flight  characteristics  so  greatly  as  to  make  detailed  analysis 
of  the  flights  almost  iji^osslble.  There  ?ras  little  possibility  of  determining 
the  quantity  of  air  in  the  balloons  at  any  particular  time  and  consequently  its 
contribution  to  the  static  equilibrium  of  the  system* 

The  "Howell"  effect,  the  characteristic  of  the  balloon  floating  after 
valving  at  celling  altitude  for  epproximately  one  hour  and  then  descending, 
was  felt  possibly  due  to  the  Intake  of  air  and  the  loss  of  helium  by  diffusion 
and  turbulence  at  the  appendix.  Another  possible  e^l  TU.tion  was  that  as  the 
balloon  valved  the  free  lift  and  the  wanning  gas,  it  had  a slightly  larger 
volume  due  to  the  pressure  required  for  valving.  The  balloon  would  assume  a 
change  of  shape  after  valving  and  be  different  in  volume.  It  was  felt  that 
an  experiment  which  prevented  overvalving  and  the  intake  of  air  would  aid  the 
analysis  of  the  "Howell"  effect  as  well  as  other  portions  of  the  flight. 

The  appendix  designed  to  perform  in  this  manner  was  the  horsetail  appendix. 
(Figure  1).  In  principle  this  was  an  inverted  standpipe  which  controlled  the 
pressure  in  the  Inflated  balloon  by  the  length  below  the  base  of  the  balloon. 

By  placing  the  lower  end  below  the  base  a alight  ai^eivpressure  could  be  main- 
tained in  an  effort  to  ke^  the  balloon  from  relaxing  after  valving.  The  base 
of  the  balloon  was  tied  off  so  no  air  could  enter  at  this  point.  In  the  Inflated 
position,  air  could  not  flow  up  the  horsetail  because  of  the  lighter  density  gas 
at  the  top  and  higher. relative  pressure.  Diffusion  of  air  aixi  helium  in  the 
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pipe  would  be  minimized  by  the  email  cross-sectional  area  and  Tolume  of  helium 
in  tr.e  appendix.* 

The  horsetail  appendix  used  in  flight  #36  was  attached  to  the  balj.oon  abore 
the  girdle.  The  free  end  was  rolled  up  to  the  attachment  point  and  was  expected 
to  unroll  after  the  balloon  extended  to  its  full  length.  This  unrolling  did  not 
take  place,  however,  and  the  balloon  rose  to  ceiling  altitude  and  burst  from  the 
free  lift  si^jer-pressure. 

The  experiment  was  repeated  on  flight  #37  with  the  horsetail  unrolled  prior 
to  launching.  After  reaching  altitude  the  balloon  descended  at  once  at  ICXX)  ft/min 
to  UOOO  feet  below  its  celling.  From  this  point  it  descended  at  a constant  rate 
of  130  ft/min.  miat  appeared  at  first  to  be  overvalving  and  a descent  to  estab- 
lish static  equilibrium  by  adiabatic  conpression  was  finally  determined  to  be 
a structural  failure  at  the  appendix  attachment  point.  Pictures  from  the  up- 
camera  showed  a loose  tape  at  this  point,  also  the  illumination  of  part  of 
the  balloon  by  sunlight  as  though  it  were  shining  through  a hole.  Air  was  tal3n 
in  through  this  hole  during  descent.  The  cosparlson  of  pictures  of  the  balloon 
descending  with  those  of  the  ascending  balloon  showed  much  more  volume  at  each 
altitude.  The  air  taken  in  was  also  being  adiabatic ally  compressed  and  contrib- 
uted to  the  lift  in  the  descent.  It  was  decided  to  attenqpt  a flight  constants 
flight  with  the  horsetail  appendix  in  the  hopes  that  the  horsetail  appendix 
would  exclude  more  air  than  the  standard  appendix.  Failure  of  this  flight 
(flight  #38)  at  ceiling  altitude  and  the  Intake  of  air  of  flight  #37  led  to 
further  changes  in  the  appendix  design  and  installation.  The  reason  for  the 
design  change  was  because  it  was  then  realized  at  certain  periods  of  the  flight, 
the  top  of  the  horsetail  appendix  reached  into  a part  of  the  balloon  Uiat  was 
under  negative  pressure*  At  these  tioBB  there  would  be  a tendency  for  air  to 
be  drawn  into  the  balloon.  An  attachment  point  which  would  be  under  positive 
pressure  at  all  times  was  one  near  the  top  of  the  balloon*  This  means  that 
as  the  balloon  ascends  or  descends,  the  positive  pressure  difference  idileh 
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exists  would  keep  ths  air  from  flonlrxg  into  the  balloon  at  all  times* 

Examination  of  the  calculated  balloon  shapes  for  sub-pressure  balloons 
indicated  that  the  Y3'  balloon  co\u.d  oe  flown  with  tha  uuut  out  tu  a SuL- 
pressure  lexigth,  about  U5  feet  above  the  base  of  the  ba3J.oon, without  intro- 
ducing a significant  volume  defect  (Figure  2).  One  Inherent  advantage  in 
flying  the  balloon  sub-pressure  is  that  below  the  bottom  of  the  duct  there 
is  no  leakage  of  gas  from  the  balloon.  The  tendency  is  for  air  to  leak  in. 
Because  of  its  density  conqsared  to  the  lifting  gas  this  is  negligible.  The 
first  duct  flight,  flight  #39»  showed  that  a more  positive  method  of  rein- 
forcing the  attachment  point  was  needed.  The  tape  reinforced  heat  sealed  struc- 
ture became  inadeqpiate  in  the  tenperatures  encountered  in  the  stratosphere. 

The  first  satisfactory  installation  incorporated  an  aluminum  clamping 
iring  which  claii^ed  the  balloon  and  duct  in  position  (Figure  3).  The  duct 
Itself  is  simply  a tube  of  the  polyethylene  material  as  it  comes  from  the 
polyethylene  converter.  The  5U"  flat  width  tube  opens  155  to  form  a 31" 
diameter  duct.  A't  the  attachment  point  to  the  balloon  this  tube  is  gathered 
in  on  one  side  so  as  to  foz*m  a 90*^  elbow,  tiiming  the  duct  tangent  to  the 
balloon  surface.  Sufficient  tucks  are  taken  in  along  this  same  side  of  the 
tube  so  the  duct  will  conform  to  the  Inflated  balloon  shape. 

This  installation  was  flown  very  successfully  on  flight  #U0  and  subse- 
quent flights.  In  flight  #U0  after  the  balloon  ascended  to  celling  and  valved 
through  the  duct,  there  was  evidence  of  a very  slight  volume  deficiency  for  the 
duct  length  used.  The  balloon  oscillated  with  slnple  harmonic  motion  for  seven 
cycles.  The  period  of  this  motion  was  found  to  be  five  minutes  which  corresponds 
to  the  restoring  force  due  to  adiabatic  e^qpanslon  and  compression  of  the  balloon 
gas  in  the  stratosphere*  This  oscillation  continued  for  approximately  UO  min- 
utes, the  time  in  which  the  balloon  gas  was  coming  up  to  equilibrium  temperature. 
After  this  time  the  flight  continued  level  at  celling  until  affected  by  sunset. 
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Examination  of  the  balloon  photographs  recovered  after  flight  showed  that  during 
the  time  it  could  be  obseirved,  it  contracted  in  descent  in  the  same  manner  that 
it  had  expanded  during  ascent,  proof  that  the  duct  sqppendlx  was  successful  in 
elminating  the  intake  of  air  at  ceiling  and  during  descent. 

Some  of  these  photographs  taken  from  a camera  in  the  gondola  are  included 
to  show  the  appearance  of  the  balloon  and  duct  appendix  during  flight.  The 
numbers  correspond  to  flight  numbers  and  to  exposure  numbers  after  launching, 
the  interval  between  exposures  being  approximately  one  minute. 

The  expansion  of  the  gas  bubble  can  be  followed  from  shortly  after  launching 
(Ii0-lj2)  up  to  ceiling  altitude  (UO-137)«  The  duct  appendix  can  be  clearly  seen 
in  most  of  the  frames.  The  inflated  portion  of  the  appendix  is  noted  to  extend 
down  a little  below  the  widest  portion  of  the  bubble.  The  remainder  of  the 
appendix  hangs  linp  alongside  the  balloon  fabric.  The  expanding  gas  forces 
the  balloon  girdle  down  and  finally  off  the  balloon  and  into  the  catcher 
()j0-130,  UO-131)  indicating  the  balloon  is  nearly  inflated.  In  UO-137  the 
gas  level  approaches  the  bottom  of  the  duct.  Actual  valving  is  taking  place 
in  UO-lUO  and  U0-lU3  as  can  be  seen  by  the  opening  in  the  duct.  Ihe  duct 
appears  to  close  sfter  this  (U0-lU8)  as  the  balloon  maintains  nearly  constant 
altitvide.  Towards  sunset  (UO-290)  the  folds  in  the  balloon  deepen  as  the 
volume  and  altitude  decrease.  It  shoxild  be  pointed  out  that  in  fli^t  #U5 
a duct  installation  with  the  aluminum  claup  rings  ras  made  on  a l-ndl  balloon. 

The  attachment  point  was  lU  feet  from  the  top  of  the  balloon,  in  a similar 
position  that  was  used  successfully  in  previous  flights  of  heavier  balloons. 
Failure  in  the  ttiin  material  in  the  vicinity  of  the  duct  showed  that  local 
stresses  were  not  taken  up  properly  in  the  general  area  of  the  duct.  At 
this  time  a switch  was  made  to  the  top  center  installation  where  the  balloon 
is  much  more  reinforced.  Consequently  no  further  attempts  to  strengthen  the 
structure  away  from  the  center  of  the  balloon  were  made. 


Confidential  Security  Information 


Figure  hO~L2.  A,t  low  altitude  {l8,000  feet)  the  appendix  hangs  collapsed  most  of  its 

length.  At  the  very  top  arouna  the  edpe  of  the  balloon  bubble  the  appendix  is  inflate-i 
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See  III-S  Figure  UO*67*  As  the  balloon  climbs  and  expands  the  inf  la  tec  portion  of  the  appendix 
extends  downward  corresponding  to  the  inflation  of  the  ballocn.  The  altitude  Is 
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^ Figure  U0>7$.  At  3!^«UQ0  feet  the  balloon  Is  noticeably  larger.  A longer  length  of 

I inflated  appendix  is  seen  although  most  of  that  visible  is  still  coUar*'Qd. 
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. At  67,000  feet,  the  balloon  has  unfolded  Ihe  na^or  Irregular  erlKikla 
die.  The  zero  pressure  level  in  the  appendii:  is  near  the  intersection 
le  catcher.  
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Figure  UO— 131*  One  minute  later  at  79*300  feet  the  girdle  has  slipped  into  the 
catcher.  The  balloon  is  reshaped  into  major  folds  of  material  under  less  stress 

The  bottom  of  the  appendix  is  still  collapsed. 
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Sec  III-E  yigure  liO-lU3.  Continued  valving  is  evidenced  by  the  open  diet.  The  balloon  osciiLlated  after 
reaching  ceiling  and  valved  as  the  gas  warmed. 
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.liO-lliS,  The  base  of  the  duct  is  closed  at  86,200  feet  altitude.  The  slight  folds  in 
balloon  are  indicative  of  a very  slight  volunc  deficiency.  Ihls  is  very  sensitive  to  the 
^MM^Hposition  of  the  bottom  of  the  duct.  A slight  increase  in  duct  length  would  have  filled  the 
^^[im^alloon^^e  nearly  full  but  under  essentially  the  same  sub-pressure  condition. 
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i Figure  UO-l82.  The  bottom  of  the  duct  is  closed  as  the  five  minute  period 
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Other  nethode  have  been  used  to  Install  the  duct  sq:>pendlz  In  the  balloon. 

In  Figure  U the  method  designed  and  used  by  Wlnzen  Research  is  shown.  It 
consists  basically  of  an  aluminum  ring  structure  at  which  the  balloon  tapes 
are  terminated.  The  duct  tube  is  taped  over  the  hole  thus  formed  and  taped 
down  one  seam  of  the  balloon. 

A duct  five  feet  in  diameter  was  made  and  flown  on  a General  mils  type  ll6l 
balloon.  The  details  are  shown  in  drawings  BA-U90B.  A 3000  pouzxl  pre-streesed 
nylon  line  was  passed  through  the  loop  tie-ins  to  maintain  the  structure  in  the 
top  of  the  balloon.  This  was  flown  in  flight  #66  which  failed  at  67,000  feet. 

cause  of  failure  has  not  been  ascertained.  The  duct  appendix  attachments 
to  the  balloon  have  had  no  adverse  effect  on,  nor  have  they  conplicated  the 
balloon  rigging  and  launching  method  developed  by  the  University  of  mnnesota 
described  in  the  last  report.  The  appendix  is  handled  similar  to  the  rest  of 
the  balloon  fabric  in  packing.  It  remains  uninflated  in  the  horizontal  weigh- 
off  position  during  launching.  Only  after  the  balloon  is  erected  and  the 
diaphragm  cord  is  pulled  does  the  appendix,  along  with  the  top  of  the  balloon, 
become  inflated.  The  gas  zero  pressuire  levels  in  the  balloon  and  the  appendix 
coincide,  and  this  level  can  be  seen  quite  dlstimtly  in  the  appendix.  One 
additional  step  in  the  launching  procedure  involves  the  tie-off  of  the  bottom 
to  form  an  air  tight  barrier.  This  is  done  by  collapsing  the  former  skirt 
appendix  and  binding  it  tightly  about  the  balloon  load  ring  with  a piece  of 
scrap  polyethylene. 

The  pressure  required  to  force  the  gas  through  the  duct  can  be  compared 
theoretically  with  the  pressure  required  to  valve  through  a sinple  orifice 
type  appendix  and  also  wlthttie  pressure  of  the  head  of  gas  already  in  the 
balloon.  A typical  case  may  help  to  illustrate  these  relative  pressures. 

The  73'  diameter  balloon  (225,000  cubic  feet)  has  a ceiling  altitude  of 
87,000  feet  (20  mb)  with  a gross  load  of  UOO  pounds  idien  helium  inflated. 
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Aeaumlng  the  zero  pressure  level  to  be  at  the  base  of  the  balloon^  the  head 
is  102  feet.  At  20  mb  this  is  equivalent  to  0.1  nib  of  air  or  0.086  mb 
differential  pressure  of  air  and  helium. 

The  valTing  pressure  through  ah  orifice  is  glveii  by  the  equation i 

AP=  ox^ypM — 

A* 


I 


iriiere  P : pressiure,  (millibars) 

V m volume,  (milllcm  cubic  feet) 

rate  of  rise  (1000  ft/min) 

M = molecular  weight  of  gas  (gms/mol) 

A ■ orifice  area  (square  feet) 

With  a rate  of  rise  of  800  feet  per  minute  and  an  effective  appendix 
diameter  of  2|  feet, upturns  out  to  be  0.0015  mb.  If  this  orifice  were  in 
the  base  of  the  balloon  where  it  could  take  in  and  later  valve  air,  the  valving 
pressiire  would  be  more  than  seven  times  this  amo\int  while  air  was  being  valved. 
Poiselles  law*for  the  flow  of  gas  throiigh  a tube  can  be  written: 

where  A p ■ pressure  (degree/cm^) 

V n volume  flow  (cm^/sec) 
yU  s viscosity  (poises) 

X = length  of  tube  (cm) 

Oj>m  radius  of  tube  (cm) 

For  a 130  foot  tube  of  2^  foot  diameter ,Apie  equal  to  .0025  mb.  It  can  be 

t 

seen  in  this  case  that  the  valving  pressures  are  at  the  limit  of  mgliglbility 
coo^>ared  to  the  head  pressure. 

cone-ovi-sphere 

Principally  because  the  73*  diameter^ balloon  is  more  nearly  shaped  like  a 
natural  sub-pressure  balloon,  most  of  the  duct  appendix  flights  have  been  flown 
sub-pressure,  or  with  the  base  of  the  djct  higher  than  the  base  of  the  balloons. 

In  conparison  with  farawr  appendices  at  the  base  of  the  balloon j the  sub-pressure 
« Transition  effects  Ignored. 
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duct  has  the  following  character! Stic st 

(a)  Diffusive  or  turbulent  mixing  of  gas  and  air  through  the 
appendix  is  eliminated. 

(b)  Decrease  in  valving  pressure  by  earlier  valving  and  valving 
only  the  lifter  molecular  weight  lifting  gas. 

(c)  Decrease  in  balloon  stress  because  of  decrease  in  head  pressure. 

(d)  Decrease  in  loss  of  gas  from  pressure  leaks  because  of  decrease 
in  head  pressure. 

(e)  Termination  of  the  flight  at  sunset  because  of  decreased  stab- 
ility of  a slack  balloon  with  no  air  intake. 

IKith  the  exception  of  (a)  above,  the  opposite  effects  may  be  ejqpected 
with  a super-pressure  balloon,  one  with  the  duct  below  the  base  of  the  balloon. 
The  most  interesting  is  the  converse  of  (e),  the  possibility  of  greater  stab- 
ility with  a balloon  held  full  by  si^r-pressure.  This  is  discussed  in 
Section  III-D  of  this  report. 
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SECTION  IV 

HANGAR  INFLATION  TESTS  OF  PLASTIC  BALLOONS 

'w»re  marip  through  the  Of'f’io.e  of  N=v=l  Raseii'Cii  Lo  use  a part 
•of  Dock  2 at  the  US  Naval  Air  Facility,  Weeksville,  North  Carolina,  to  inflate 
plastic  balloons  for  the  purpose  of  obtaining  first  hand  information  on  the 
appearance  of  these  balloons  when  fully  inflated  and  for  obtaining  measurements 
of  stress,  balloon  shape  eind  for  the  detailed  study  of  the  various  defects  that 
might  be  observed  in  the  hangar  but  which  are  very  difficult  to  observe  during 
the  flight  of  the  balloon.  The  balloons  chosen  for  the  measurements  were  those 
that  were  available  at  the  end  of  July  1952  and  consisted  of  the  following: 
General  Mills,  Inc.,  type  733J-135i  2-mil  balloon  #ii78 
Winzen  double-wall,  1-nri.l,  #2-1007- lOii  made  on  Air  Force 
contract  No,  AF  33(600)~l5l82 
Winzen  1.5-mil  #l50V-li;7 

Winzen  1-mil,  type  733,  #l57  packed  by  Minnesota  method 
General  Mills,  Inc.,  type  73ii-EH,  2-mil,  double-taped  balloon  #192 
General  Mills  39*  ’’natural  shape?  type  and  number  unknown,  intended 
for  Mastenbrook  Project. 

The  various  things  that  were  investigated  are  as  follows: 

I,  Inflation  and  Gas  Sanqaling.  The  balloons  were  inflated  with  a mixture  of 
helium  and  air  which,  when  the  balloon  was  full,  would  give  the  desired  lift. 

This  was  accomplished  with  a centrifugal  blower  and  a carbureting  device  through 
which  the  helium  was  injected  and  well  mixed.  The  gas  proportions  in  the  balloon 
were  measured  from  top  to  bottom  by  carrying  up  a sampling  hose  and  using  a 
thennal  conductivity  gas  measuring  instrument. 
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II.  Shape  Measurements.  Balloon  shape  measurements  were  made  hy  a nximber  of 
different  methods,  namely  by  the  use  of  two  surveying  transits  which  were  set 
up  in  the  hangar  and  sighted  on  lights  which  had  been  strung  along  on®  nf  the 
balloon  tapes  around  the  side  down  towards  the  bottom.  Plumb  bob  lines  were 
hung  also  from  known  places  on  the  lower  portion  of  the  balloon  and  from  the 
length  of  the  lines  and  the  distances  out  the  underneath  profile  was  measured. 
Also  peripherial  measurements  were  made  from  gore  to  gore  before  the  balloon 
was  inflated.  Due  to  fabric  stretch  these  measurements  have  not  been  consid- 
ered reliable.  Many  photographs  were  taken  from  various  angles  but  in  part- 
icular an  8 X 10  camera  was  set  up  in  a measured  position  and  the  camera 
carefully  adjusted  to  take  a photograph  of  the  balloon  suitable  for  later 
analysis  on  a comparator.  The  top  portions  of  the  balloon  were  photographed 
from  a catwalk  above  the  balloon  itself. 

III.  Stress  Measurements.  Stress  measurements  were  first  attempted  by  means  of 
attached  strain  gages  with  spring  balances  but  this  proved  unsuccessful  and  a 
vibrating  bob  type  stress  gage  was  developed  and  will  be  described  later  in 

another  report. 

IV.  Hangar  Launch.  A University  of  Minnesota  packed  balloon  was  inflated 
in  the  hangar  and  the  gas  allowed  to  transfer  just  as  in  flight.  The  balloon, 
however,  was  kept  secured  to  the  floor.  The  inflation  was  continued  using 

air  so  that  the  girdle  was  forced  down  in  a manner  resembling  flight  conditions 
and  the  slippage  was  investigated.  The  balloon  was  inflated  until  it  burst  and 
the  bursting  super  pressure  measured. 

V.  Heavy-load  Inflation.  A 2-mil  thick  balloon  was  inflated  with  a mixture 
which  enabled  it  to  lift  about  one  ton  when  fully  inflated.  The  balloon  was 
examined  carefully  and  the  effect  of  the  large  stressies  was  observed. 
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VI.  Rate  of  Rise  Measurements.  A series  of  rate  of  rise  vs.  free  lift  measurements 
■were  made  on  7'  balloons  inside  the  hangar.  It  was  found  that  large  temperature  varia- 
tions existed  in  the  hangar  and  these  measurements  have  so  far  not  been  analyzed. 
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DETAILED  PROCEDURES  AND  RESULTS  OF  TESTS 

I.  The  balloons  were  inflated  with  a mixture  of  air  and  helium  which  was 
supplied  to  the  balloons  by  a centrifugal  blower.  It  was  necessary  first 
to  insure  that  the  helium  and  air  were  well  mixed  as  experience  and  cal- 
culation shows  that  at  atmospheric  pressure  the  diffusion  is  so  slow  that 
any  unmixed,  volume  of  air  would  remain  settled  out  in  the  bottom  of  the  balloon. 
This  would  produce  a distorted  hydro-static  pressure  head  and  change  the  balloon* 
shape.  This  is  strikingly  shown  in  Section  IV,  the  Hangar  Launch  Tests.  It  was 
also  necessary  to  control  the  relative  fraction  of  heliiun  in  the  air  so  that  thie 
fully  inflated  balloon  would  have  the  proper  lift  corresponding  to  normal  loads 
carried  at  ceiling  altitude.  A diagram  of  the  inflation  set-up  is  shown  in 
Figure  1,  A 1000  cubic  foot  per  minute  centrifugal  blower  with  a 1 hp  motor 
was  used  and  a carburetor  was  attached  inside  the  intake  tube.  The  carburetor 
consists  of  a small  tube  with  many  fine  hol^s  aroxind  its  exterior.  The  helivim 
fed  in  with  measured  pressure  was  sprayed  out  through  these  fine  holes  into 
the  intake  side  of  the  blower.  The  vacuum  on  the  intake  side  was  also  measured 
with  a water  manometer.  A photograph  of  the  blower  and  a partially  inflated 
balloon  is  given  in  Figure  2.  The  blower  was  calibrated  before  leaving  for 
Weeksville  by  inflating  a 20*  diameter  balloon  of  known  volvime  and  measuring 
its  lift.  The  calibration  curve  for  this  blower  is  given  in  Figure  3. 

Most  of  the  inflations  fell  into  the  3-h%  range  and  were  well  suited  to 
analysis  by  a thermal  conductivity  type  meter.  Accordingly  a gasalyser  was 
obtained  for  this  purpose.  Absolute  calibration  of  the  gasalyzer  was  obtained 
from  mass  spectograph  analysis  of  gas  sanples  made  on  the  Physics  Department 
routine  analysis  spectograph.  Because  the  balloon  did  not  become  buoyant  until 
nearly  one-half  full  it  was  hung  from  the  top  ring  to  a block  and  tackle  sus- 
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pciiaed  from  the  roof  of  the  hangar.  Then  as  the  inflation  proceeded  and  the  bal- 
loon beiarae  buoyant  the  top  rope  was  removed  from  the  pulley  and  the  balloon 
was  placed  over  the  tie-down  point  in  the  center  of  the  hangar  where  the  inflation 
was  completed.  Tbe  inflation  required  h hours  and  hO  minutes  for  a 225,000  cubic 
foot  balloon.  Gas  samples  were  made  by  suspending  a rubber  tube  from  a string 
which  passed  through  a ring  inside  the  top  of  the  balloon.  A vacuum  pun^)  was 
used  to  extract  the  samples.  The  mixture  was  pumped  through  the  gasalyser  and 
was  also  admitted  to  evacuated  san^jle  bottles  for  mass  spectograph  analysis. 

Figure  li  is  a general  view  of  the  gas  sampling  procedure. 

Figures  5 and  6 give  the  calibration  curves  for  the  gasalyser  under  the 
conditions  of  standardization  given  on  the  figure.  The  vertical  concentration 
profile  for  the  various  balloons  sampled  is  given  in  Figures  7A  and  7B  and  the 
corresponding  gross  lift  is  also  listed.  It  will  be  noted  that  the  concentration 
is  quite  uniform  down  to  a point  about  l5  feet  above  the  appendix  opening  at 
idiich  point  the  helium  percentage  drops  off  to  zero  at  the  bottom.  This  is  a 
relatively  small  fraction  of  the  total  volume  and  possibly  represents  the  set- 
tling out  of  the  unmixed  portion  of  the  air.  The  results  of  the  transit  and 
plxxmb  bob  measurements  are  given  in  Figures  8 through  11.  The  first  three  of 
these  refer  to  the  cone-on-sphere  type  balloon  and  the  last  one  to  a balloon 
whose  upper  portion  approximates  the  natural  shape  balloon  with  zero  circum- 
ferential tension.  It  is  notable  on  the  first  three  balloons  that  they  tend 
to  depart  from  the  sphere  profile  for  which  they  were  designed  towards  the 
natural  shape  balloon  by  bulging  out  on  top  and  contracting  in  the  upper 
conical  section.  It  is  not  certain  hov  much  of  this  is  due  to  stretching  of 
the  material  while  inflated  con^jared  to  the  error  in  manufactvire  although  it 
seemed  evident  that  there  was  a deficiency  of  material  in  the  conical  portion 
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80  that  the  balloons  were  concave  at  that  point. 

Figures  12  and  13  are  views  of  a General  Mills  and  Winzen  cone-on-sphere  type 
balloon  made  with  an  8 X 10  view  camera  placed  350*  from  the  balloon.  Figures  lU 
and  15  show  the  upper  portion  of  these  balloons  taken  from  a point  one-half  way 
up  the  hangar  with  a U X 5 camera.  Careful  measurement  of  these  negatives  were 
made  on  a microscopic  conparator  using  the  hangar  door  as  a conparison  grid  and 
the  meridional  profile  was  calculated  considering  the  geometiy  of  the  situation 
and  assuming  that  the  balloon  was  axially  symmetric.  The  crown  photographs  were 
used  to  fill  in  the  upper  portion  of  the  balloon  as  this  was  not  visible  to  the 
floor  camera.  The  conposite  result  of  these  two  photographs  is  given  in  Figtires 
13land  131.  It  will  be  noted  that  the  tape  length  measured  from  the  figure  checks 
the  actual  measured  tape  length  very  closely.  It  tfnuld  also  be  noted  that  the 
balloon  departs  from  the  theoretical  cone-on-sphere  profile  in  every  case  by 
contracting  in  the  conical  portion  and  near  the  equator,  and  by  bulging  out  on 
top. 

II.  Shape  Measurements.  Prior  to  the  beginning  of  inflation  each  balloon  was 
laid  out  on  the  floor  and  one  of  the  balloon  tapes  was  marked  every  10  feet 
starting  at  the  top  with  a cross.  The  balloons  starting  with  the  second  one 
tested  were  equipped  with  small  flashlight  bulbs  which  were  wired  along  one 
of  the  gores  every  10  feet  down  from  the  top  and  around  the  equator.  It  was 
found  that  the  black  crosses  were  not  visable  to  the  transits  when  sighting 
through  the  plastic  from  the  other  side  of  the  balloon.  It  was  determined 
that  this  was  the  best  way  to  measure  the  profile  by  transits  and  that  the 
lights  gave  something  to  focus  on.  From  the  lower  portion  of  the  balloon 
below  the  equator,  fish  lines  were  attached  every  10  feet  and  the  length  of 
the  fish  lines  was  carefully  measured.  The  fish  lines  ware  terminated  in 
plumb  bobs  which, after  the  balloon  was  inflated, could  be  adjusted  until  they 
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Sec  IV  Figure  li*.  Top  view  of  GMI  73'  balloon  with  a gross  lift  of  about  U50 
pounds.  Note  the  bulge  about  10'  down  from  the  top  with  a flat  section  above. 


Sec  IV  Figure  15.  Wtnzen  73'  balloon  inflated  to  about  h$0  pounds  gross.  This 
balloon  also  had  a flattened  top  as  can  bi  seen  from  this  photograph  taken  about 
half  way  xqj  the  hangar. 


*0t 


. 


Confidential  Security  Inforration 


Confidential 


Page  IV-99 


'vGvlC^lCci  wiiC  Sj''  ^ ^ ^ +Vid  "KallrL^rj  Hf^TBTT^ 

point  to  the  plumb  bob  and  knowing  the  length  of  the  string  up  to  the  balloon  the 
coordinates  of  the  balloon  could  be  determined.  The  periphery  of  the  balloon  was 
also  measvired  at  four  places:  1.  At  the  equator,  57*5  feet  from  the  top  on  the 

l/h  million  cubic  feet  cone-on-sphere  type  balloons,  2.  A't  a point  half-way 
down  the  equator,  28.5  feet  from  the  top.  3.  At  77 .U  feet  from  the  top  which 
was  expected  to  be  the  point  where  the  stress  is  large  due  to  the  change  from 
spherical  to  conical  profile.  U.  At  a point  100  feet  from  the  top, 

Tve  width  of  each  gore  was  measured  with  a hand  ruler  all  the  way  around'  the 
balloon  to  get  the  periphery.  It  was  found  that  this  type  of  measurement  was  not 
very  good  becauac  one  plastic  was  stretched  a little  bit  in  an  attempt  to  remove 
the  wrinkles  and  the  additive  errors  being  all  in  one  direction  gave  a sizable 
error  in  the  result. 

The  balloon  was  also  equipped  with  an  internal  line  passing  through  a ring 
at  the  top  which  could  be  used  to  raise  a sampling  hose  for  the  gas  sampling. 
Photographs  were  taken  of  each  balloon  with  an  8 X 10  camera  placed  about  390* 
away  from  the  balloon  down  the  hangar.  This  camera  also  photographed  the  grid 
work  on  the  hangar  door  'behind  the  balloon.  This  grid  work  was  then  surveyed 
csurefully  and  the  exact  dimensions  of  the  steel  girders,  height  from  the  floor, 
etc.,  ware  determined  so  that  the  photographs  could  be  standardized  by  measure- 
ments against  this  grid.  Unfortunately  only  two  balloons  were  successfiilly 
photographed  with  this  equipment  due  to  difficulties  encountered  in  the  US  Naval 
Air  Facility  Photographic  laboratory,  but  these  two  photographs  have  been 
measured  out  and  the  results  are  given.  This  latter  consitutes  the  most  accurate 
way  to  determine  the  balloon  shape.  The  transit  measurements  were  evaluated  by 
geometry  knowing  the  position  of  the  two  transits  on  the  hangar  floor,  the 
position  of  the  tie-down  point  of  the  balloon  and  the  various  angles  involved  in 
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the  transit  measurements.  Difficulty  was  encountered  in  making  the  transit 
measiiren^nts  because  the  balloons  were  never  quiet  and  even  at  ni^t,  due 
the  convection  currents  in  the  hangar,  would  slowly  move  about.  Accordingly, 
the  two  observers  would  follow  the  lanp  on  the  balloon  and  when  one  of  the 
plumb  bobs  hanging  below  the  balloon  passed  over  a fixed  mark  on  the  floor,  a 
signal  was  given  and  the  two  observers  would  read  together.  The  plumb  bob 
measurements  were  also,  troubled  by  the  motion  of  the  balloon  and  accordingly, 
the  outer  pl\uab  bob  was  used  as  reference  and  measurements  taken  on  all  the 
others  when  the  outer  plumb  bob  passed  over  the  fiducial  mark, 

III,  Stress  Measurements,  These  will  be  treated  in  a later  report, 

IV,  Hangar  Launch  Tests,  It  was  felt  desirable  to  inspect  the  University  of 
Minnesota  launching  process  at  close  range  and  accordingly  a packed  balloon  was 
inflated  in  the  hangar  and  the  launching  operations  carried  out  so  that  the  gas 
transferred  and  the  balloon  erected  to  its  full  height,but  was  at  all  times  kept 
secured  to  the  floor  of  the  hangar.  Still  photographs,  of  irtiich  representative 
pictures  are  included  here,  and  movies  were  taken  of  this.  To  simulate  the 
continuing  rise  of  a balloon  in  normal  fli^t  and  the  accon?)anying  expansion 
and  forcing  down  of  the  girdle,  air  was  blown  into  the  balloon  and  the  slip- 
ping of  the  girdle  as  the  top  filled  out  was  observed. 

T!he  hydrostatic  head  of  the  air  being  zero  with  respect  to  the  outside  , 
the  shape  of  the  balloon  was  quite  different  from  that  of  a helium  filled 
balloon,  as  can  be  seen  from  the  photographs,  Thli  did  not  affect  the 

characteristic  slipping  of  the  girdle  idiich  depends  only  on  the  angle  of 
the  fabric  above  it,  the  coefficient  of  friction  and  the  weight  of  the  girdle, 

A discussion  of  the  girdle  slipping  problem  is  given  in  the  -first  progress 
report.  The  vertical  concentration  profile  of  helium  in  this  balloon  when 
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con^jletely  full  of  helium  and  air  is  shown  in  Figure  7B.  The  helium  remains  at 
the  top  of  the  balloon  conpletely  but  even  there  it  is  considerably  diluted  by 
air.  An  atten?)t  was  made  to  mix  the  air  by  blowing  it  in  at  the  top  through  an 
inflation  tube  carried  up  inside  on  a small  balloon,  but  this  was  relatively 
ineffective.  Following  the  girdle  slip  test  the  air  inflation  was  continued 
until  the  balloon  ruptured  from  super  pressure.  Ihe  super  pressxire  was 
estimated  by  connecting  an  aircraft  altimeter  to  the  interior  of  the  balloon 
and  a vidue  of  8’  of  normal  atmosphere  was  obtained.  Tlie  balloon  failed  near 
the  junction  of  the  sphere-on-cone  sections  as  would  be  expected  from  the  theor- 
etical stress  considerations  for  this  balloon  shape.  (In  this  connection  see 
the  first  progress  report.  Page  3-7,  Figure  1).  The  hangar-laxmch  test  gave  no 
evidence  of  damage  to  the  balloon  which  confirms  the  e^qperience  with  numerous 
launchings  using  this  technique. 

Figures  29  - 3U  illustrate  various  phases  of  this  test,  with  self-e:q)lantory 
oaptlons. 
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V.  Heavy-load  Inflations.  The  Winzen  double-wall  balloon  #2-100-V-10hj  73 *3'  in 
diameter,  was  re-inflated  with  a mixture  of  about  17^  helium  which  would  give  a 
lift  of  approximately  2000  pounds  when  the  balloon  was  full.  The  stresses  in 
the  balloon  top,  according  to  theory,  would  still  be  less  than  the  ultimate 
tensile  strength  of  the  polyethylene  and  it  was  therefore  a good  test  of  the 
heat  seals  and  general  strength  of  this  type  of  balloon.  The  balloon,  of 
course,  was  not  designed  or  guaranteed  by  the  maniifacturer  to  carry  a load 
of  this  magnitude.  This  balloon  was  made  with  No*  880  nylon  filament  tapes. 

The  results  of  the  test  are  given  in  the  series  of  photographs  followed  with 
a discussion  in  the  caption  of  the  photograph. 

The  correspondence  between  such  an  inflation  and  a balloon  in  flight  is 
that  the  conditions  represent  this  balloon  at  about  50,000  feet  of  altitude  at 
all  times  but  with  a load  and  accordingly  a voliime  which  increases  \intil  the 
balloon  is  full. 

Figures  l6  - 38  are  various  aspects  of  the  heavy  load  inflation.  The  figure 
captions  are  self-explantory. 
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Figure  l6.  Balloon  Just,  lifting  its  own  weight,  235  pounds  gross,  near  beginning  of  inflation. 
The  ssiall  balloon  to  the  left  was  a 39'  balloon  of  special  design. 
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Appearance  of  crown  of  balloon  when  fully  inflated.  Compare  i 
mhlch  ahows  the  same  balloon  with  a normal_FOSs_load_of_jO^ 
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Section  

Tigui'e  2h»  View  of  top  of  balloon  tajcen  through  the  i^jpendix  opening  at  the  bottoa.  Ths 
clooed  patched  region  is  a aeotion  ehich  was  ripped  out  to  deflate  the  balloon  on  a preeiout 
inflatioD.  A tie  tope  for  gaa  aaapljjug  hanp;a  down  the  center. 
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Figure  25.  Appearance  of  balloon  bottom  in  the  heavy  load  leat  or«.  , ..  

ropes  have,  failed  with  the  result  that  the  adjacent  areas  L ?J!  S ^7°  ^ ® 

f«T«d  thr«.gh  the  plastic  a.  cap  b.  seen  by  the  pumerou. 
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(Figiire  28.  Showing  the  failure  of  the  rip  panel  patch  which  occurred  during  the  night  as 
the  balloon  resiained  under  full  inflation.  This  shows  the  inportanee  of  heat  sealing  every 
part  of  a balloon  which  is  xinder  tansion  as  the  tapes  creep  and  slide  under  constant  force. 

• The  panel  was  ripped  out  to  deflate  the  balloon  following  the  first  light  load  inflation 
and  was  patched  entirely  with  tapes  aa  shown  before  the  heavy  loa4  inflation  was  begun. 
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•ough  the  girdle.  1116  girdle  slipped  very  smoothly 
As  far  as  could  be  seen  no  stretching  or  abrasion 
The  cone  angle  of  the  plastic  is  approximately 


Figure  30.  Close-up  of  plastic  feeding  tl 
not  by  sudden  juu^s  as  might  be  expected, 
of  the  plastic  resulted  from  the  slipping 
60°  as  would  be  expected  from  theory. 
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Figure  30A.  Girdle  close  to  bottom  of  balloon  ready  to  slip  off.  In  normal  flight  a 
catcher  ring  is  hung  from  the  balloon  load  ring  to  prevent  damage  to  the  equipment  by 
girdle. 
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oeewring  near  point  where  cone  joins  sphere.  Note  large  hole 
Cor«  contIJ;inJ\S*li^l^?;.~*  *‘iPPe‘i  open  all  the  way  along  the 
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Section  IV 

Fig^e  3it.  Final  failxire  of  balloon  which  released  super-pressure.  It  is  evident  that 

not  able  to  valve  sufficiently  fast  upon  reaching  ceiling  become  super- 
pressured  and  f^il  in  jf  manner  similar  to  this  with  the  difference  that  the  plastic  is  col< 
and  may  fracture  in  an  irregular  manner. 
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At  bottom  left  | 


Figure  36.  Showing  the  folds  in  the  plastic  as  the  balloon  fills  out 
center  and  middle  left  center  can  be  seen  regions  where  sticky  tapes  cause  adherence  of 
plastic.  Note  stress  concentrations  in  many  regions  along  the  tapes.  This  is  a Winzen 
double-wall. 
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Figure  38*  Serious  adhesion  due  to  sticky  tapes  foiuid  on  Vinzen  double-wall  balloon.  A 
piece  of  the  tape  has  ripped  off  and  adheres  to  the  plastic  adjacent.  Just  to  left  of  tape 
in  center. 
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VJ  VI  - Miscellaneous 

The  following  series  of  photographs  are  miscellaneous  details  of  balloon 
inflations  which  are  of  interest  for  specific  reasons.  The  details  of  interest 
in  each  photograph  are  listed  in  the  captions 
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[Figure  U2.  Yirinkles  obseired  in  fabric  of  OKI  2-ail  balloon  probably  because  of  the 
fact  that  gores  are  noraally  asde  of  flat  material.  There  are  no  serious  stress  eon- 
centratlona  shoeing  here. - 
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Figur*  Ui.  Qia  2-nil  balloon  left.  Dou 
near  bottom  can  be  seen  on  both  of  these 


concavity 
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.eet-ion  XV 


Figure  1^5.  Top  interior  view  of  inflated  double-wall  balloon 
pulled  out  and  deflation  has  begun 


Rip  panel  has  just  been 
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Section  I 

Interior  of  inflated  Winzen  balloon.  As  can  be  seen  the  conical  part  is 
soaewhat  concave  as  pointed  out  on  previous  photographs. 
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•lack.  Th«  tight  tapes  are  those  over  the  heat  seals* 
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Figure  5l.  Partially  inflated  GMI  73U-EH  balloon.  It  ia  at  this  stage  of  flight  that  the  « 
excess  fabric  in  the  top  prcnrided  by  the  na.tural  ^ape  is  especially  inqjortant  as  the  ten- 
sion in  the  plastic  is  higher  as  the  load  is  hung  froa  a ssialler  area. 
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SECTIOK  V 

DIFFUSION  AND  MIXING  OF  GAS  IN  BALLOONS 


A>  General  Discussion 

It  is  common  airship  experience  that  it  is  diffjcult  at  atmospheric 
pressure  to  mix  gases  in  balloons.  That  is,  if  one  should  inject  air  into 
a large  balloon  and  then  blow  helium  into  it,  it  is  found  that  the  helium 
layers  out  on  top.  The  reason  for  this  can  be  seen  from  a simple  diffusicn 
calculation  which  will  be  presented  below.  It  is  of  some  interest  to  make 
diffusion  calculations  because  of  the  effect  of  air  on  the  behavior  of  con- 
stant volume  balloons.  Several  of  our  flights  are  of  special  interest  in  this 
regard. 

Flight  #12  had  an  open  ^pendix.  It  climbed  Initially  to  90>000  feet 
(3000  feet  below  theoretical)  During  the  ascent  it  was  observed  in  the  up- 
plctures  that  the  balloon  took  in  a large  quantity  of  air^  of  the  order  of 
three  times  the  volxime  of  helium.  However,  only  a small  fraction  of  this  air 
remained  after  valving  as  evidenced  by  the  altitude  being  only  3000  feet  below 
theoretical.  The  altitude  Indicates  that  after  valving^  only  10^  of  the  balloon 
volume  was  filled  with  air.  In  other  words, the  air  that  was  taken  in  layered 
out  at  the  bottom  of  the  ballood  and  was  valved  when  the  balloon  reached  celling 
After  flight  #12  reached  ceiling  it  floated  level  during  the  day  and  descended 
at  night  to  U0,000  feet.  During  the  next  day  it  cliatied  back  to  an  altitude  of 
78,000  feet.  Nhen  the  balloon  was  observed  in  the  morning  at  Uo,000  feet  it  was 
completely  full  showing  that  air  had  been  taken  in.  In  spite  of  this  the  bal- 
loon valved  most  of  this  air  back  out  again  Indicating  layering  of  the  gas.  At 
U0,000  feet  the  balloon  mixture  was  air  and  helium.  After  leveling  at 
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78,000  feet  the  mixture  was  approximately  air  and  $0%  helium.  If  the  air 
and  helium  had  mixed  at  U0,000  feet  the  balloon  could  only  have  risen  a few 
thousand  feet  at  sunrise.  The  new  altitude  during  the  day  indicated  the  extent 
to  which  mixing  had  taken  place.  This  balloon  repeated  the  descent  and  rise 
at  least  one  more  night.  T^e  table  below  shows  the  results  already  stateds 


Flight  #12 


Condition 

Time 

Altitude 

Fressure-mb 

Mixture 

Ascent 

Hay  12 

60,000 

72.0 

70%  air  30%  helium 

After  valving 

Hay  12 

90,000 

17.5 

10^  air  90%  helium 

After  descending 

Hay  13-0630 

Uo,ooo 

188.0 

92%  air  Q%  helium 

After  ascent 
during  day 

May  13-1200 

78,000 

31.0 

50^  air  50^  helium 

The  data  shear  that  some  mixing  takes  place  but  that  if  the  time  is  short  most 
of  the  air  is  valwed,  provided  the  balloon  is  at  low  altitude,  (hl^  press\u^),idiere 
the  diffusion  is  slow.  The  data  also  show  the  increase  in  concentration  of  mixed 
air  as  time  goes  on.  This  will  make  the  balloon  reach  lower  ceiling  altitude  on 
successive  days. 

In  contrast  to  this  behavior,  a balloon  which  is  floating  at  low  pressure 
with  unmixed  air  and  helium  can  nix  them  quite  rapidly.  Flight  #32  was  a good 
example  of  this.  The  balloon  showed  a Howell  effect  - it  began  descending  55 
minutes  after  reaching  ceiling.  After  the  balloon  had  been  descending  for  four 
hours  at  approxisiately  $0  feet  per  minute,  10  pounds  of  ballast  thob  dropped  by 
radio.  The  ballast  was  sufficient  to  stop  the  descent.  After  thirty  minutes 
more  of  level  flight,  20  pounds  more  ballast  was  dropped.  This  did  not  cause 
a msasurable  change  in  altitude  nor  did  the  balloon  rise  subsequently.  The 
pressttire  altitude  remained  50  mb  for  five  more  hours  at  which  time  30  pounds 
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of  ballaet  were  dropped*  The  balloon  rose  rapidly  from  5U  to  $1  mb  and 
leveled  off.  Since  the  ballast  represented  the  same  f ractlon  of  the  air 
displaced  that  the  change  in  pressure  was  of  the  total  pressure^  the  con- 
clusion is  that  cooplete  mixing  of  the  air  and  helium  had  taken  place. 

To  summarize  the  e^qperiments,  the  indication  is  that  the  air-helium 
mixing  time  at  UO  mb  is  of  the  order  of  three  to  five  houra  and  that  the 
reason  con^lete  mixing  does  not  take  place  on  flights  that  descend  to  200  mb 
or  so  is  that  the  mixing  time  is  correspondingly  slower  at  the  higher  pressure. 

Rather  careful  calculations  of  the  diffusion  of  helium  and  air  ai^ 
presented  in  this  section  but  the  following  argument  gives  the  essential  physics 
of  the  problem.  Consider  first  the  case  of  a balloon  which  is  half  air  and  half 
helium.  The  time  constant  for  mixing/f[  is  related  to  the  diffusion  constant  D 
and  the  mixing  length  by  the  following  equation: 

The  diffusion  constant  depends  on  the  pressure  in  the  following  way: 

jj  ■ where  D is  the 

p P p 


1 

! 


I 

i 


diffusion  constant  at  pressure  p and  E^ls  its  value  at  pressure  It  can  be 
seen  that  the  lower  the  pressure  the  faster  the  diffusion.  Combining  the  two 
equations  and  inserting  a value  for  the  diffusion  constant  gives  7^(hour^  ■ li.2 
X where  L is  the  mixing  length  in  feet  and  the  pressure  is  in  mb.  For 

a 73*  diameter  balloon,  the  mixing  length  xould  be  approximately  36'  and  the 
mixing  time: 

^ (hours  for  73'  balloon)  * ^mb 


this  would  predict  a mixing  time  of  about  20  hours  at  UO  mb  but  the  mixing  would 
take  place  faster  with  some  turbulent  convecti<m  in  the  balloon.  At  aea  level 
(1000  mb)  the  mixing  time  would  be  of  the  order  of  SOO  hours  in  qualitative 
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agreement  mith  the  Veekerille  tests.  (See  this  report  Section  IV) 

It  is  clear  that  the  mixing  is  faster  for  smaller  balloons  at  the  same 

pressure  and  also  faster  at  lower  pressure  for  the  same  balloon. 

It  is  also  of  some  interest  to  consider  the  problem  of  diffusion  through 

a standard  appendix.  A simple  calculation  shows  that  in  this  case  the  mixing 

time  is  s _ „ 

/r'-  LV 

where  L is  the  appendix  length,  V,the  balloon  volume,  Afthe  appendix  area  and 
D,the  diffusion  constant  characteristic  of  the  pressure  considered.  A small 
end  correction  must  be  applied  to  L.  For  appendices  idiich  have  lengths  twice 
their  diameter,  the  following  expression  holds i 

V-  l.U  LV 

AD 

If  the  appendix  is  long  caaq)ared  to  its  diameter  the  l.Ul  should  be  replaced  b^ 

1.  Since  ^ is  the  time  ccmstant,^  is  the  fractional  loss  of  lift  per  unit  time. 
The  equation  then  becomes t 

2 

where  P is  the  percent  loss  of  lift  per  day,  L is  the  length  of  the  appendix  la 
feet,  d the  ^jpendlx  diameter  in  feet,  V the  balloon  volvuae  in  cubic  feet  and  p 
the  pressure  in  millibars. 

To  consider  an  exaaple,  take  a 73'  diameter  balloon;  appendix  length  eight 
feet;  diameter  four  feet  and  a pressure  of  20  mb.  The  value  of  P is  l.UjE  per 
day.  Thus  a standard  skirt  appendix  can  lose  as  much  lift  by  diffusion  through 
it  as  1 to  2$  per  day. 

There  are  a number  of  iiqportant  consequences  of  the  understanding  of  the 
diffusion  of  air  and  helium  in  balloons  in  the  theoiy  of  ballooning.  The  first 
of  these  that  will  be  discussed  will  be  the  effect  of  air  on  the  initial  rise  of 


Confidential  Security  Information 


Confidential 


page  V- 


the  balloon  to  ceiling.  Prior,  to  the  beginning  of  the  Minnesota  project,  with 
the  exception  of  a few  appendix  attenpts  on  project  GOPHER,  all  SKYHOOK  balloons 
had  been  flown  with  more  or  less  standard  skirt  appendices  vdiicb  hung  straight 
down  from  the  bottom  of  the  balloon  and  through  which  the  fne  lift  gas  was 
▼alved.  These  standard  appendices  were  normally  open  unless  they  were  closed 
by  the  Bernoulli  forces  due  to  the  large  flow  of  gas  through  them.  Sxaminatlon 
of  a large  nun±)er  of  i;p-pict\u*es  frcxs  our  balloon  flights  with  standard  appendices 
and  with  open  holes  in  the  bottom  of  the  balloons  led  us  to  the  conclxislon  that 
a balloon  which  is  rising  normally  reaches  a point  at  which  the  balloon  would 
like  to  intake  air  through  the  bottom  because  of  the  fact  that  the  pressure  at 
the  bottom  of  the  balloon  is  always  less  than  the  pressure  at  the  bottom  of  the 
gas  bubble  and  less  than  the  atmospheric  pressure.  Finally  the  weight  of  the 
load  hanging  on  the  balloon  opens  the  bottom  up  and  at  this  Instant  the  balloon 
begins  to  intake  air  very  violently.  A typical  exasple  of  this  was  our  flight 
#8  idiich  first  took  in  air  at  80  mb  and  became  cospletely  full  by  the  time  the 
balloon  had  reached  Ul  mb.  When  the  balloon  finally  reached  celling,  this 
ceiling  was  26^  mb  as  opposed  to  1^  theoretical  celling.  Obviously  the  balloon 
had  intaken  air  violently  and  because  of  the  low  pressure  had  partially  mixed 
that  air.  A very  noticeable  effect  was  observed  in  the  time  altitude  cuz^  and- 
the  fact  that  the  balloon  did  not  reach  theoretical  celling  is  proof  of  the  part- 
ial mixing  of  the  Intaken  air  and  helium.  Foz*tunately  the  rate  of  rise  was  9Uo 
feet  per  minutei  it  is  believed  that  if  the  rate  of  rise  were  less  than  this  the 
air  would  have  had  a longer  time  to  ndx  and  consequently  the  balloon  would  have 
reached  a ceiling  even  further  below  its  theoretical  celling.  Many  SKYHOOK 
flights  have  shown  this  property,  namely  that  a balloon  idiich  rises  too  slowly 
misses  its  theoretical  celling  by  an  appreciable  amount  and  a number  of  oases 
showed  that  a balloon  with  a very  small  free  lift  which  rose  extremely  slowly 
would  not  get  even  close  to  theoretical  celling.  The  standard  skirt  appendix 
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op  high  rates  of  rise  does  a fair  job  of  keeping  out  air  and  by  controlling  the 
factors  one  can  reach  a ceiling  several  thousand  feet  below  theoretical.  Kie 
danger,  always  present  however,  is  thst  if  the  free  lift  is  too  low  and  the 
balloon  rises  slowly,  it  will  reach  a low  and  poorly  predictable  ceiling. 

^e  other  effect  of  great  Inportance  to  ballooning  is  the  behavior  of  a 
balloon  with  an  open  skirt  appendix  which  descends  for  some  reason  or  other. 
Such  a balloon  will  freely  take  in  air,  since  it  descends  slowly,  kLx  the  air 
and  stay  full.  Since  it  now  has  an  air-hellun  mixture  in  it,  its  celling  1s  not 
as  high  as  it  was  previously  and  in  fact, the  more  air  it  takes  in  and  mixes 
the  lower  will  be  its  theoretical  celling.  An  additional  effect  of  the  Intake 
of  air  as  the  balloon  descends  is  to  greatly  increase  the  drag  because  of  the 
thermodynamic  drag  introduced  by  the  vezy  large  mass  of  air,  thereby  slowing 
the  descent  rate  a great  deal,  l^on  dropping  ballast  one  will  find  with  sxxch 
a balloon  that  it  is  li^osslble  to  drive  it  back  to  its  original  celling  again 
and  the  gain  in  altitude  upon  dropping  ballast  will  be  the  same  fraction  of  the 
pressure  that  the  ballast  is  of  the  airdL^xIasd  Pre-mixing  of  air  and  helium  in 
a balloon  which  can  Intake  air  is  then  capable  of  completely  annulling  the 
possibility  of  very  extended  flights  if  the  balloon  is  allowed  to  descend  at 
any  tine. 

B.  Mathematical  Study  of  Diffusion  Mixing 

1.  Introduction.  We  shall  consider  two  different  diffusion  situations  in 
this  report.  In  the  first  a balloon  is  floating  at  a fixed  level,  taut  with 
the  appendix  open.  Initially  the  balloon  is  to  be  filled  with  soma  gas  H. 

We  then  wish  to  calculate  the  average  concentration  of  the  given  gas  in  the 
balloon  at  futtire  times. 

The  second  situation  arises  as  follows.  At  sunset  the  balloon  descends 
and  during  the  descent, air  is  taken  into  the  balloon  in  large  quantities. 
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We  siqppose  that  at  the  finish  of  the  descent  the  balloon  is,  volume,  half  | 

air  and  half  H completely  separated.  The  air  is  to  be  in  the  lower  part  of  ] 

the  balloon,  H in  the  iqjper  part.  At  sunrise  the  balloon  will  rise  again  and 
some  of  the  ndjcture  of  air  and  H will  be  forced  out.  Were  the  balloon  to  reach  | 

the  altitude  it  was  at  originally,  half  of  the  mixture  would  be  ejected.  If  we  I 

calculate  then  the  average  concentration  of  H in  the  upper  hAlf  of  the  balloon  j 

ij 

at  sunrise  we  can  determine  the  loss  of  lift  brought  about  by  the  diffusion  of  | 

air  and  H overnight.  | 

During  this  process  we  assvime  that  the  appendix  is  closed.  Were  it  open^  ! 

the  result  would  be  substantially  the  same  since  we  find  that  there  is  comp- 
aratively little  diffusion  in  the  situation  discussed  in  the  first  paragraphs. 

Actually  the  balloon  will  not  reach  its  former  ceiling  at  sunrise.  From  i 

loss  of  lift  calculated  above  a t entatlve  new  celling  can  be  found.  Then  a | 

more  accurate  value  for  the  fraction  of  the  mixture  forced  out  can  be  calculated.  I 

From  this  a new  average  concentration  of  H is  obtained,  and  a new  loss  of  lift 
determined.  The  procedure  may  be  repeated  as  long  as  desired.  In  this  report 
we  only  calculate  the  first  value  for  the  average  concentration  of  H. 

The  theoi*y  of  the  diffusion  equation  is  the  same  as  that  of  the  equation  of 
heat  conduction.  This  is  adequately  treated  in  (1)  and  (2)*  the  latter  being 
more  thorough.  The  material  on  Bessel  functions  needed  in  (l4)ia  conveniently 
available  in  (5),  particularly  the  list  of  formulas  at  the  end  of  the  text.  As 
much  as  we  need  of  Legendre  polynomials  is  in  (U).  A more  con^lete  treatment 
of  Legendre  polynomials  may  be  found  in  (6).  ^he  mathematics  necessary  to  this 
report  are  all  contained  in  the  above  works  to  idileh  we  shall  refer  as  needed. 

2.  General  Assuaptlons.  We  consider  the  balloon  fabric  as  a surface 
rather  than  a solid.  The  concentration  of  sooe  appropriate  gas  is  then  defined 
after  diffusion  starts  everywhere  except  on  the  surface  of  theballoon.  Initially, 

lumbers  in  brackets  refer  to  references  listed  at  the  end  of  the  report. 
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the  situation  is  the  aaoe  except  that  there  anj  be  additional  surfaces  where 
the  concentration  is  undefined, 

Ihlle  diffusion  goes  on  we  assuae  that  the  teo^>erature  and  the  total  pressure 
of  air  and  N is  independent  of  position  and  tine.  Ve  also  take  the  diffusion 
coefficient  D to  be  Independent  of  the  ratio  of  the  concentrations  of  the  two 
gases.  Thus  our  diffusion  equation  is: 


=0 


(1) 


where  c is  the  concentration  of  the  appropriate  gas,  and  t is  the  tine. 

This  equation  is  to  be  satisfied  for  t greater  than  zero  and  ereryidiere 
except  on  the  svurface  of  the  balloon.  We  assume  that  there  is  no  entry  or  escape 
of  gases  through  the  balloon  fabric | so  that  on  the  surface  of  the  balloon  we 
have  the  boundary  conditions} 


(1') 


where  n^  and  n^,  respectively,  are  the  directions  of  the  interior  and  exterior 
normals  to  the  balloon  surface.  Wote  that  c is  not  in  general  continuous  across 
the  surface  of  the  balloon.  The  value  of  is  obtained  by  first  defining 


c on  the  surface  of  the  balloon  as  the  limiting  value  of  c from  the  Interior  and 
then  by  differentiating.  The  treatment  of  similar. 

We  take  the  shape  of  the  balloon  as  in  Figure  1.  I^e  irregular  shape  of  the 
balloon  makes  the  solution  of  the  diffusion  problem  difficult  even  n^en  the  appendix 
is  closed.  Thus  sor-e  regular  i<hapes  were  taken  as  approxlBations  to  the  actual 
one.  When  the  appendix  is  open  the  problem  is  difficult  no  matter  what  th-^  shape 
and  then  additional  boundary  conditions  are  iaposed  to  yield  soluble  problems. 

Thus,  the  true  shape  of  the  balloon  plays  little  part  in  the  discussion. 

However,  the  dimensions  are  used  to  give  reasonable  values  for  the  parameters 
in  the  approximate  solutions. 

For  numerical  calculations  we  take  H as  helium,  a praasura  of  Uo  mb  and  a 
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tes^rature  of  2l8°A.  ^e  value  Dg  for  D under  standard  conditions  Is  0.63  emV^ec.  — < 

Converting  this  to  our  conditions  by  means  of 

D - Do  (J2)  (^) 

we  have  0 s 10*6  cV^ac  or  U3<2  ft^/  hour. 

3.  No  Air  in  Balloon  Initially.  At  the  upper  end  of  the  appendix  the 
concentration  c of  H is  nsver  more  than  K;  the  fixed  total  concentration  of 
air  and  H.  At  the  lower  end  of  the  ^pendix  c is  never  less  than  o.  If  we 
knew  the  values  of  c at  the  two  ends  of  the  appendix,  we  could  solve  the  diffusion 
problem  for  the  appendix,  and  calculate  the  amovmt  of  H lost  into  the  atmosphere 
from  the  gradient  of  c at  the  lower  end  of  the  appendix.  Unfortunately  we  do  not 
know  these  values;  but  if  we  used  K and  zero,  it  seems  reasonable  that  we  would 
lose  more  H than  in  the  actual  case.  (This  argument  is  especially  plausible  if 
the  problem  is  considered  as  one  of  heat  flow.  A rigorous  proof  would  be  des> 
irable.)  For  the  approximate  problem  the  solution  depends  only  on  T and  the 
distance  Z above  the  lower  end  of  the  appendix.  The  equation  Is: 

^ o 

c(Z,o)  = K (2) 

c(o,t)  - 0 

c(l,t)  = K 

idiere  1 is  the  length  of  the  appendix. 

The  steady  state  solution  of  (2)  is  KZ/l,  and  the  remainder  of  the  solution 
is  obtained  by  separation  of  variables  (2<  pp  76-77).  Thust 

c(z,t)  r ^ t a ^ £--■  -V  rtn  (3) 

" n ■ 1 ^ 

The  loss  of  mass  of  H is  ^ DA  ^ idiere  A is  the  cross-sectional  area  ^ 

of  the  appendix.  If  V is  the  volume  of  the  balloon,  and  L is  the  loss  of 
average  concentration  of  H in  the  balloon:  Then 


Confi^ntlal  Security  Information 


Confidential 


page  V-152 


1.000 

.998 

(■-  - 

.996 

.994 

.992 

.990 

} 

z 

o 

3.988 

< 

CD 

^.986 

2 

2.984 

-I 

id 

X 

^.982 

O 

z 

o 

p.980 

< 

(C 

H 

g.978 

z 

o 

‘^.976 

< 

.074 

.072 


.070 

.068 

.066 

.064 

.062 

.060 


18  20  22  24  26 


Page  V-153 


Confidential 


I 

i; 


i 


f 

r 


I 


I 

i 


ehere  we  hare  used^  ^ « ■n^/e  to  sia^lif/  the  second  term.  With 
of  at  Most  we  can  write 1 


an  error 


DAK  l2 
L S:  (T  4-  55  ) 


(5) 


Note  that  the  error  is  not  that  in  conparing  (5)  with  the  actual  problem  but  in 
comparing  (5)  with  the  cosplete  solution  (U)  of  the  approximate  problem  (2).  This 
also  applies  to  errors  that  are  given  later. 

For  R as  helium  and  the  balloon  as  specified,  D is  U3.2  ftVhour,  A is  12.57 
sq  ft,  V is  2l4iy300  ou  ft  and  L is  8 ft.  Then  for  T in  hours: 

L SS  .000278  (t  4-  .U9U)K 

For  T equal  to  l6  hoiurs,  about  sunrise  to  sunset:  L29  .OOt:6K. 

Note  that  the  error  introduced  by  using  (5)  instead  of  Oi)  is  about  l.U  X 10**^^K. 
This  equation  is  shown  graphically  in  Figinre  III. 

Bms  the  average  concentration  of  helium  in  ^e  balloon  at  the  end  of  16  hours 
is  at  least  99»$h%  of  the  original  valtie  K. 
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For  T auffidentljr  large  the  foranila  for  L la  clearly  wrong  aa  compared 
with  the  real  problea,  elnoe  the  concentration  of  H can  not  be  reduced  by 
aore  than  K*  Roeeyer,  in  the  nuaerlcal  problea  abore  it  takea  about  3I4OO 
houre  for  L to  reach  K,  ao  thla  probably  la  of  little  conaeqoence. 

Another  approxlaation  to  the  actual  loaa  of  arerage  concentration  of  H 
la  the  balloon  which  la  rery  likely  an  \qjper  bound  and  doea  not  have  the  defect 
of  becoaing  greater  than  K aay  be  aade..  Moreover,  thla  aolutlon  will  give  aoaa 
idea  of  the  concentration  of  H aa  a function  of  poaltion  which  the  previoua 
aolutlon  doea  not. 

Conaider,  aa  in  Figure  2,  an  inverted  truncated  oone  ca;qped  b7  a aegaent 
of  a aphere  perpendicular  to  the  cone.  The  apherical  aurface  and  the  lateral 
surface  of  the  cone  are  the  balloon  fabric  and  the  aurface  of  truncation  la 
to  be  the  opexilng  of  the  appendix.  The  region  between  the  appendix  opening 
and  a spherical  surface  of  radius  a about  0 is  to  be  kept  filled  with  air  so 
that  the  concentration  of  air  at  the  lower  sfherlcal  surface  is  always  K.  In 
numerical  work  we  ignore  this  pocket  of  air  as  its  contribution  to  the  average 
concentration  of  air  in  the  balloon  is  less  ttian  K X 10  . 

We  use  spherical  coordinates.  The  concentration  C of  air  in  the  balloon 
is  then  only  a function  of  n,  and  T.  Our  equation  1st 


D 


2 cfe 

f a n,  ® 


c(/i,o)  ■ 0 

eU*t)  m K 

^ (b.t)  = » 


(6) 


The  steady  state  solution  is  K.  lotting  v/r  be  the  rsoalndar  of  the  solution 
and  setting/ta  s f a«  we  havet 


% 

) 
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-® 

▼(■»o)  « - K(e  f a) 

T(o,t)  ■ 0 

(b-a,t)  . 


(7) 


(8) 


Sepcration  of  Tariablee  jieldes 

▼ « ^ A e am  2a 

’f  9 

vhere^-^o,  tan  (b  - a)y  sb^ , and  s 2Ka/«^  (a  - b sin  (b  - a)«^J 
The  equation  f oncf  has  been  used  to  siaplify  A . 

Thus*  e(n,t)  - K [l  f ^ ^ sin e? 

tan  (b  - a)^  a b«^ , 0}  yo 

The  amount  of  air  in  the  balloon  is  J DA  <^t 

where  A is  the  area  of  the  spherical  surface  at  radius  a.  If  we  let 
be  the  q)herlcal  angle  subtended  bf  '^e  coDSf  the  arerage  coneentratioti«'^, 
of  air  aboee  the  surface  at  radius  a is  given  bft 

^ s;  -%  4 

Since  ^ (e)  = C s K,and  the  total  eoDoentratioo  of  air  and  H is  K| 
T M -feDKof  C^r  ff-Vt  .j. 

° TC^3"  » 0.-X.  '•* 


dt 

as  • 


where  'q  ^ is  the  average  concentration  of  H above  the  surface  of  radius  a. 

- < e-*"— rl" 

c,tt)-Trd?  v 


Thnst 
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Catting  X ■ (4-a);^  ne  have  finally  for  puzpoees  of  computations 
- ,.x  fc>Ca,^(X--tt.)  ^ efp?)a. 


(10) 


U 


tan  *X=  and  9^  5^0 

^ -ir  -Ou 

Ihe  positive  roo^^,of  tanx=-^5^_^s  between  (n-l)ITand  (fl-J)Tf, 
and  (n^)tf-X  decreases  to  0 as  n Increases.  By  changing  to  the  equation  (A- a) 
sin'X^^^  cos*>i  and  working  with  the  Maclaurin  series  for  the  functions  it  way 
be  shown  that  the  first  root  *X  io  larger  thaxijsi^^.  Then  sin^  y is  greater  than 
which  ih  turn  is  greater  thanJ^ecu  AS  less  than  10,  sin^> 

is  greater  than^^.  Since  sln^T^h  is  greater  than  sin^T^  all  the  terns  in 
the  series  in  the  right  of  (10)  are  positive.  As  '(^^Co)=  K we  have: 


fcou^Cfr-o.) 


^ I 


Thus  the  error  introduced  in  C (t)  ^ dropping  all  but  the  first  tern  of  the 


series  is  at  nosts 


r — r — gj  ® -Trr 


cu) 


Since  is  greater  than  >1 


" ) 


the  error  is  at  nostt 


-p(ir4.-y.,)*t 


This  fomla  for  the  error  involves  only  If  the  approzination  is  not 

satisfactory  is  calculated  and  a sinilar  error  f omila  nay  be  used. 

In  calculating  the  roots  it  is  better  to  change  the  equation  to  the  are  tan 
fom  or  the  sine-eosins  fom. 


O 
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In  chooeing  nunerical  Taluee  for  a,  b,  and ^ we  preeerre  the  height  and 
Yoltune  of  the  balloon  and  the  area  of  the  appendix  opening*  This  also  preserves 
the  average  cross  sectional  area  of  the  balloon  for  hozd.sontal  cross-sections. 

We  take  a as  3»99h  ft.,  b as  97*56  ft*  aixtd^m  l*OU66  radians* 

The  values  of  a,  b,  and^  my  be  rounded  off  as  much  as  one  wishes  before 
starting  calculations,  but  from  that  point  on  it  is  best  to  treat  them  as  exact 
numbers*  To  have  accuracy  of  about  *005^  in  the  average  concentration  of  helium, 
it  is  best  to  carry  about  six  significant  figures*  For  example,  one  calculation 
rounding  off  the  value  of  b - a from  93*566  to  93*57  led  to  an  appreciable  error 
in  the  average  concentration  of  helium*  The  error  in  the  reported  loss  of  helium 
would  have  been  about  twice  the  reported  loss  itself*  The  term  (sln^^b-a/b)  is 
sensitive,  especially  so  foroc*'?^,  so  the  values  of  <76  should  be  taken  to  the  fourth 
decimal  place* 

In  our  computation  we  will  need  only  7C , and 'j^^*  However,  as  they  may  be  useful 
to  someone  else  we  list  the  first  four  values  forx  • They  are:  0.3U90,  li*5025. 


7*  7306  and  10,9079* 

We  find  that  fort  in  hours: 

, 00060  I "ti 

c W = K Lillet'  +.OOOJC  -"‘*‘’‘”'7 

H 


(11) 


-»29U  — 

with  an  error  of  less  than  *0002  C due  to  omitted  terms*  Finally  G 

(16)  s *9898K  with  an  error  of  less  than  2 X 10~^  due  to  omitted  terms*  If  we 

compare  the  loss  of  helium  by  (11)  and  by  the  first  method,  it  is  seen  that  the 

loss  of  helium  by  (11)  is  greater  for  the  first  3000  hows*  The  solution  (11) 

thus  yields  an  iqpper  bound  for  the  loss  of  helium  for  3000  hours  and  very  likely 

will  do  so  for  all  time*  Another  plausible  conjecture  is  that  'Ute  solution 

obtained  by  adj\isting  (5)  to  an  exponential  form  would  yield  an  upper  bouzxi  to 

the  loss  of  helium  concentration:  i*e* 
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The  last  paragraph  is  mainly  for  satisfaction  of  personal  cviriosity,  as 
m are  not  auch  interested  in  time  periods  longer  than  2k  hours.  However,  it 
does  indicate  the  role  the  appendix  plays  in  cutting  down  diffusion  of  air  into 
the  balloon.  Various  nethods  were  used  to  calculate  approziBations  to  the  loss 
of  helium,  most  of  which  ignored  the  exact  shape  of  the  appendix.  The  best 
result  obtained  hy  any  of  these  methods  is  that  of  (11).  However,  even  for 
this  solution  the  loss  of  helium  in  l6  hours  is  still  twice  as  great  as  that 
obtained  by  our  first  solution;  and  despite  the  considerable  difference  between 
the  actual  concentration  of  helium  at  the  upper  end  of  the  appendix  and  K for 
large  values  ofti^the  original  solution  is  the  better  for  at  least  3000  hours. 

So  far  we  have  been  concerned  with  iqiper  bounds  to  the  loss  of  H.  A 
likely  lower  bound  for  the  loss  of  H maybe  obtained  as  follows.  Suppose  a 
cylindrical  column  based  on  the  appendix  were  run  up  to  the  of  the  balloon, 
closing  off  the  inside  of  this  column  tron  the  rest  of  the  balloon.  The  amouut 
of  air  normally  diffusing  into  the  balloon  would  be  more  than  that  diffusing 
into  the  closed-off  column.  If  we  assume  a fixed  concentration  of  air,  at 
Ihe  lower  end  of  the  column  and  no  escape  of  air  at  the  upper  end  of  the  column, 
we  must  solve,  where  £ is  the  concentration  of  airs 

\ cc^,o;=o 

The  solution  to  this  (2t  Page  81;,  withTLst**/)  isi 

-I  ^ ^On+i)ir> 

r k'-Jit  > c " — *in — , S - ■ 
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The  average  concentration  of  air  in  the  eoluan  let 

izzSEii:- 


* * M Ai 


n*c 


(lit) 


If  ^ie  9l4*l  ft.  and*t  ie  I6  hours,  than  ^ is  .3l53K^*  If  this  air  vere  spread 
over  the  entire  balloon,  the  average  concentration  would  be  .001^^ • 

If  is  K/2,  the  smallest  it  could  be,  the  loss  of  helium  concentration 
would  be  .0008k,  a definite  lower  bound  for  the  loss.  If  is  K,  probably 
closer  to  the  truth,  the  loss  would  be  .0015K. 

U.  Balloon  Initially  Half  Air,  Half  H.  In  this  situation  the  balloon  is 
closed,  the  air  and  H each  fill  half  of  the  volume  of  the  balloon.  Essentially, 
the  air  is  in  the  lower  part  of  the  balloon  at  the  start  of  diffusion,  but  lor 
some  shapes  it  is  convenient  to  take  a curved  surface  rather  than  a plane  as 
the  surface  of  separation. 

In  all  cases  the  volume  of  the  ^>prozlmating  body  is  kept  equal  to  the 
volume  of  the  balloon.  When  this  is  not  sufficient  to  determine  the  dimensions 
of  the  body,  other  reasonable  ccmditions  are  added. 

In  an  effort  to  reduce  the  problem  to  one  involving  but  a single  ^paea 
variable,  the  balloon  was  approximated  by  a cylinder  of  altitude  86.1  feet,  the 
altitude  of  the  balloon  without  appendix.  The  separation  surface  was  taken  as 
a horlsontal  plane.  After  8 hours  the  average  concentration  of  helium  in  the 
upper  part  of  the  balloon  was  .75^* 

Again  the  ballo<»i  was  i^roximated  by  a shape  similar  to  that  in  Figure  2, 
except  that  the  vertical  angle  of  the  cone  was  taken  as  90^,  other  dimensions 
were  changed  to  preserre  volume,  and  no  truncation  was  made.  The  surface  of  the 
separation  was  spherical  with  center  at  the  vertex  of  the  cone.  After  eight 
hours  the  average  concentration  of  helium  in  the  iqjper  part  of  the  balloon  was 
.5711. 
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The  serious  disorepancj  betwsen  the  results  for  these  two  different  shines 


forces  us  to  atteo^t  a shape  closer  to  that  of  the  ac'tual  balloon.  There  seeas 
to  be  no  better  shape  that  can  be  used  and  still  keep  the  problem  of  diffusion 
to  one  space  variable.  Hence  we  try  to  approximate  b7  means  of  a sphere. 

He  are  thus  led  to  the  following  problem.  A sphere  of  radius  a inltiilly 
has  its  lower  hemisphere  filled  with  air  at  concentration  K and  Its  upper  hemi- 
sphere filled  with  H at  concentration  K.  We  wish  to  know  the  average  concentration 
of  H in  the  iipper  hemisphere  at  future  times. 

W<a  use  spherical  coordinates 9 and ( Q is  the  colatitude).  The  solution 
is  independent  of  <P  and  our  equation j where  C Is  the  concentration  of  Isi 

J , * V K 0<©<5- 

A O e < 'IT' 

It  saves  a little  Incomrenience  In  getting  a conplete  set  of  functions  to 
obtain  the  steady  state  solution  first,  even  though  the  boundary  conditions  do 
not  demand  this.  As  the  normal  derivative  on  the  boundary  is  zero,  the  steady 
state  Solution  Is  a constant  and  must  be -37 to  keep  the  same  amount  of  H present 

II 

as  at  the  start.  Thusc a-^^+lTidiere  after  setting^  a cos©' 


ft 

*V!a  c<0<J^ 

?<e<'ir 


=0 


/jif  — o 

tP  " 


Thena 
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f: 

I 


XJ 


o 


nhere  xT  Is  a Bessel  function  of  the  first  kind,  Is  the  n^  Legendre  polynoodal. 
Is  a non-negative  Integer,  andK  Is  a non-zero  root  of  i2sf 
(Ka,j*0  (2j  pp  210-212). 

It  Is  shown  In  the  usual  way  (compare  2j  pp  172-173)*  (Uj  pp  129-130) 
that  the  functions  Involved  are  orthogonal  when  a weighting  factor  of 
Is  attached  to  eachTof^*  coefficient  Asj,n  Is  evaluated  as  usual  (conpare 
2j  Page  173*  (U))  end  we  have,  after  using  the  equation  for  c(  and  the  even^^d 
characteristics  of  Pn  C^) 

Thus  the  average  concentration  of  H in  the  upper  hemisphere  Is  given  by: 
e(tnoii  ' Jg  j, 

J'*-"  * \ Un-Un  5 P„(^]JyU 

- X.  "* 


r 

V 


» -PoC  t 


e,noU  ^ 


using  'the  value  xor  ^ ^ (uj  Fsgs  133  j BXe  10)  and  selling  ^ 

Jo 

this  becomss  -DT^ 


(rit).-§-+>»Ka^  -rij 


1») 
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To  solve  the 


Finallj  using  (5j  Page  158,  #22)  and  repeated  integration  hy  parts  we  reduce 
^ fi^^J^(n)cAato  a form  to  which  (5j  Page  158,  #20)  way  be  applied,  obtaining 

S J„.^Ca)  + Xn_3^ Ca)  + (h+i)(n-i) ^ trO 

+....+  Ch+  I )Ch-i)..,  arL*“^  tit)J 
As  tv-^oall  terms  approach  0 except  the  last,  since  J^Cn,)  is  of  order  rb” 

®®arn.s  0.  The  limit  of  the  last  term  as  fl— pole  readily  evaluated  by  means 
of  the  well-known  recursion  formula  for  the  Qamma  function  and  the  value  of  f (^). 
Thuss 

.“X '"a  j 

To  solve  the  equaUooiX  J*  . use  (5j  Page  158,  #l6)  to 

* Jt 

find  the  equation  is  equivalent  to  (n+OTn^^  Cit-)  = T^^,^Cn).  We  now  apply  the 
recursion  formula  (5j  Page  158,  #18)  for  the  J«s  to  reduce  this  to  an  equation 
involving  and  X.^C%).  Rjqpressing  these  in  terms  of  sin  % and  cos  % 

{Si  Page  159,  #32,  #33)  we  have  a trigonometric  equation  of  the  type: 

tanxs  R„C%j 

where  io  rational  andX-»°®^s  aero.  To  get  the  first  few  roots  of  this 
equation  it  is  best  to  use  the  form^n  Cx)ai»»X— Ol)cos  iC  » O where 

are  polynossials.  For  X sufficiently  large  the  roots  are  close  to 
multiples  of TT',  and  then  it  is  easy  to  use  the  tangent  form  of  the  equation. 

For  n «■  I the  equation  is: 

Mwri  the  first  four  positi.ve  roots  are  2.082,  5*898,  9*206,  and  12*UoU.  For  n»3 
the  ecfuation  is:  7X^-40X 


the  equation  is: 


tan  a 


-to 
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and  the  firet  three  poeitiye  roots  are  8.58U»  And  11.973*  Ws  do  not 

use  the  negative  roots  of  the  equations  'shich  lead  to  conplex  values  for  the 
Bessel  functions  of  half -integral  order. 

From  the  study  of  the  equations  tan '^sff,(l)that  has  been  made/ the  following 
conjectiires  are  plausible  but  have  not  been  proved.  For  7 large  /?„  6()  negative 
and  the  degree  of  the  numerator  is  one  less  than  the  degree  of  the  denominator 
being £mdn^l  respectively.  The  functlox^^  odd.  These  statements  should  be 
relatively  easy  to  verify;  but  the  following  seem  more  difficult.  The  graph  of 
has  Qh-fl)  vertical  asyiqptotes.  In  any  finite  region  for-TL  these  asy- 
mptotes approach  those  tan as  V\  Increases.  The  graph  as  a whole  approaches 

that  of^-tan'X  as  ‘h  Increases.  If  , is  the  first  positive  root  of  tan^» 
then I decreases  to  0 as  Increases. 


Since  U C^h+j)  i- 1 = ((1T-^  h-i- »)  I , 


it 


is  thus  probable  that  M "X  — Cjh+O-Mis  positive  for  our  values  of  ')C  . This  is 
verified  for  Msf  and  n = 3 . Thus  the  error  Incurred  by  dropping  various  terms  of 
the  double  expansion  can  be  calculated  as  in%3« 

For  purposes  of  calculation  we  reduce  all  the  Bessel  functions  to 
and  then  to  trigonoaietrlc  functions  (5;  pp.  158-159>  #l8,  #32«  #33).  The  terms 
for  n = i and  respectively  arex 


_DX*t  , - - . 


and 


r It  7^ 


where  we  have  used  tanysR„Cx)to  remove  the  sinyi  terms.  For  (1^1)3 
denominator  has  simplified  exceedingly,  but  the  reason  is  not  evident. 

If  we  ignore  all  terms  but  the  one  corresponding  to  the  first  root  for  Hal 

_ -M.jsrotT 

we  haves  C K fa ’♦’.3I93FC  q*-  J (20) 
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with  an  error  of  at  most  .1362C  1C,  This  equation  is  graphed  in  Figure  Z5T 

If  we  ignore  all  terms  tnit  those  corresponding  to  the  first  roots  for  n »1  and  3* 


we  have: 


_«/33/'DC  ~JC.390V"] 

+OKtoe  — J 


_ 

with  an  error  of  at  most  .0882  • The  error  is  calculated  on  the 


assunption  that  the  first  roots  for  n greater  than  3 are  at  least  U*5lU  +TTS 
so  that  Ine  numerically  smallest  exponent  we  have  in  the  omitted  terms  is  the 
one  arising  from  the  sec  aid  root  for  h=/. 

For  numerical  work  we  take  0.  as  38.77  feet  to  yield  the  volume  of  the  actual 
balloon.  We  take't'  as  8 hours,  about  from  sunset  to  sunrise.  D is  as  before, 
43*2  feet^/hour.  The  only  terms  which  will  contribute  an  appreciable  amount  are 
the  first  terms  for  n-l  and  3* 

Then  for"t  in  hours:  _ 

f -.12li6t  -.5857t7 

CCt)^KL*^  + ‘3638  c 4-.0U80C  J (22) 

_tr 

with  an  error  of  at  most  .0862  6 K*  Flxially  for  t equal  to  8 hours: 

Z(§)  = K [.5  4-  .13U3  + .OOOU]  - . 631:7  K 

with  an  error  of  at  most  3 X 10“^  due  to  omitted  terms. 

S.  Agreement  with  Observed  Data.  As  regards  the  case  that  there  is  no  air  in 
the  balloon  initially,  it  is  known  that  the  loss  of  helium  from  the  balloon  is 
small  which  agrees  in  general  with  our  results. 

For  the  case  that  the  balloon  is  filled  half-and-half  with  air  and  helium, 
some  observations  on  a balloon  flight  afford  an  opportunity  to  check  our  results 
rou^iy.  Exaiqple  from  flight  #8. 

At  one  point  in  the  flight  the  balloon  was  filled  half-and-half  with  air 
and  helium.  Seventy-eik  minutes  later  the  proportions  were  70^  helium  and  20% 
air.  In  the  meantlM  the  balloon  was  rising,  the  iq>pendlx  was  open  so  some  of 
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the  mixture  escaped.  The  pressure  change  was  from  UO  mb  to  27  mb. 

Ifae  original  entry  of  the  air  in  the  balloon  was  rather  Tiolent  so  that  it 
is  not  likely  that  the  air  and  helium  were  separated  then.  Again  some  of  the 
mixture  was  ejected  before  there  was  much  opportunity  for  diffusion.  These 
two  effects  cannot  be  treated  numerically;  and  as  they  tend  to  offset  each 
other  we  shall  Ignore  them. 

nth  the  pressure  increasing  by  a factor  of  Uo/27  the  gas  originally  in 
the  upper  hemisphere  will  at  the  end  occupy  20/27  of  the  volxime.  Let  X be  the 
per  cent  by  volume  of  helium  in  this  region.  The  per  cent  by  volume  of  helium 
in  the  remainder  of  the  balloon  is  at  most  $0%, 

Thuat 
and: 

As  the  balloon  is  slowing  dcwn^  it  spends  more  time  at  lower  pressiires;  so 
the  average  pressure  is  not  more  than  the  average  of  the  extreme  values  Uo  and  27. 
Tentative  calculations  based  on  an  exponential  approach  to  ceiling  give  average 
pressure  of  32  mb  but  this  is  probably  too  high.  However  we  will  use  this  value. 
The  formula  forcCtjfrom  (21)  is  thenx 

. -.I558t  -.7321t7 

c(t)  = K[j+.36hc  +.0U8€ 

For  1t  = We  have  C =82^.  This  is  in  fair  agreement  with  the  value  77^* 
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SECTION  VI 
VERTICAL  FLIGHT 

A*  Ascent  Btfiavior.  Some  knowledge  about  the  fundamentals  of  bolloon  behavior 
can  be  obtained  from  the  study  of  the  balloon's  motion  as  it  ascends  and  descends. 
Ais  type  of  balloon  motion  is  called  vertical  flight.  A great  body  of  information 
concerning  vertical  flights  of  balloons  is  now  available.  Prior  to  '^e  University 
of  lUnnesota  Balloon  project  a large  number  of  balloon  flights  had  been  made  for 
project  SiCTHOOK  mostly  by  the  General  Mills,  Inc.  and  some  by  Wlnzen  Research. 

In  addition  to  this,  a number  of  time-altitude  curves  have  been  made  available 
from  the  General  Mills'  Project  GOPHER  sponsored  by  the  Air  Force  and  some 
very  good  detailed  Informatlcm  has  been  available  through  project  MDEI  DICK. 

All  of  these  sources  of  information  have  been  used  in  helping  to  formulate 
our  ideas  about  the  relation  of  vertical  flight  to  the  physics  of  the  balloon 
problem.  As  this  data  was  studied  it  became  evident  that  all  of  the  flights 
coiild  not  be  explained  on  a slople  basis  sit:ce  the  behavior  of  balloons  varied 
quite  widely.  In  all  of  the  sources  of  data,  with  the  exception  of  1K)B¥  DICK 
and  of  project  GOPHER,  the  accuracy  of  the  telemetered  altitude  data  was  per- 
haps insufficient  to  really  decide  about  the  true  behavior  of  balloons.  In 
addition  to  the  sources  of  data  quoted  at  the  time  of  writing  this  report, 
flights  made  on  our  project  are  available  for  study. 

The  present  status  of  the  study  of  the  vertical  flight  of  the  balloon  is 
that  all  of  the  properties  of  this  motion  are  not  xinderstood  in  qiiantltatlTe 
enough  terms  to  write  a complete  equation  of  motion  which  covers  all  cases, 
but  it  is  true  that  the  basic  physics  of  vertical  flight  is  well  enough  \mder- 
stood  so  that  ejqperiaents  idilch  have  been  formulated  and  are  now  in  progress 
should  allow  the  conplete  solution  of  this  problem  in  the  near  future.  In  all 
the  flights  that  we  have  studied  from  the  sources  quoted  and  from  our  own  fli^t 
series  prior  to  #U0,  with  the  exception  of  perhaps  a few  flights  in  which  the 
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appendix  aas  either  fouled  or  tied  off « the  behavior  of  the  balloon  during 

ascent  was  conpletely  obscured  b7  the  intake  of  air  at  unknown  altitudes  and 

usually  in  unknown  quantity.  Once  this  fact  is  understood  and  realized  one 

can  look  back  at  previous  flights  and  explain  nany  of  the  flights  idilch  showed 

queer  behavior  sisqjly  in  terns  of  intake  of  air.  The  problea  of  Inta^  of  air 

and  of  nixing  this  air  with  the  helium  is  quite  eoiq)letely  discussed  in  the 

section  of  this  report  on  air  nixing  and  diffusion.  It  will  be  nenticmed  . 

here  only  idiere  the  mixing  of  air  has  a marked  effect  on  the  characteristics 

of  the  flight.  Host  balloon  flights  are  launched  with  an  amount  of  free  lift 

which  is  from  $%  to  20%  of  the  air  displaced  by  the  balloon  on  the  ground. 

In  all  of  our  work  free  lift  will  be  esqpressed  as  a percentage  of  air  displaced 
since  this  determines  the  size  of  the  balloon  and  is  a quantity  of  interest  in 
trying  to  relate  observation  with  theory.  In  a very  general  way  it  has  always 
been  observed  that  with  a given  free  lift  in  the  range  Indicated  a balloon  will 
take  off  and  acquire  a rate  of  ascent  and  maintain  approximately  this  rate  of 
ascent  all  the  way  to  its  theoretical  celling  or  to  a ceiling  below  this  if 
air  intake  has  been  ioportant.  One  of  the  outstanding  puzzles  of  balloon  per- 
formance has  been  this  fact  that  balloons  show  essentially  a constant  rate  of 
rise.  The  factors  that  determine  the  rate  of  rise  of  a balloon  at  any  altitude 
are  the  buoyancy  of  the  balloon  and  the  total  drag  which  it  is  subject  to.  As 
the  balloon  ascends  it  is  possible  for  it  to  acquire  a temperature  zAiloh  is  rel- 
atively different  from  the  air  tenperature  as  conpared  with  that  temperature  dif- 
ference which  existed  at  take-off.  This  will  be  reUected,  of  course^  in  a 
changed  free  lift  as  a function  of  altitude.  Let  us  first  consider  this  part 
of  the  problea  alone. 

In  order  to  decide  what  the  fv  lift  of  a balloon  at  any  altitude  is,  it 
would  be  necessary  to  bring  the  balloon  in  «quillbriua«  measure  its  flree  lift 
at  that  altitude  and  compare  this  with  the  Aree  lift  that  the  balloon  had  when 
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it  left  the  ground.  So  far  this  experixnent  has  not  been  conducted  but  experiaents 
have  shonn  that  the  balloon  as  it  rises,  since  it  is  subject  to  different  quantities 
of  infra-red  flux  aa  well  as  solar  radiatioo  very  probably  does  acquire  a tenper- 
ature  irtilch  is  very  different  from  the  air  teiqperature  at  each  altitude*  GOPHER 
flight  #759  is  an  exaople  of  this.  In  this  fli^t  the  balloon  was  weighed  off 
5 per  cent  heavy  on  the  ground  so  that  it  wo\ild  not  have  risen  had  it  not  been 
carried  \q>  with  a tow.  At  the  tine  the  tow  was  cut  it  was  found  that  the  bal- 
loon was  essentially  in  equilibrium  and  one  can  Interpret  this  to  mean  that 
the  balloon  has  acquired  a stq)er  heat  relative  to  the  outside  air  greater  than 
that  i^ich  existed  on  the  ground.  The  magnitude  of  this  siq>er  heat  correspoxids 
approximately  to  $%  of  the  air  displaced  in  the  flight  and  indicates  that  rel- 
ative to  the  outside  air  a balloon  in  the  stratosphere  runs  as  much  as  5$ 
warmer  than  the  air  as  compared  with  the  approximately  zero  on  the  ground.  Our 
flight  constants  flight  #56  is  a further  exanple  of  this.  In  this  fli^t  two 
ballast  drops  were  made  which  correspond  to  the  lift  of  the  tow  balloon  which 
carried  this  system  to  the  altitude  at  idilch  the  tow  was  cut.  After  cospletlng 
these  two  ballast  drops  if  the  balloon  had  not  acquired  super  heat  in  the  strat- 
osphere it  would  have  been  in  equilibrium.  It  was  observed,  however,  that  the 
balloon  in  the  stratosphere  had  a rate  of  rise  of  l50  to  200  feet  per  mlfaute 
and  this  rate  than  indicates  the  relative  warming  of  the  balloon  at  this  altitude. 

It  is  quite  clear  that  it  is  important  in  describing  the  ascent  behavior  of  a 
balloon  to  understand  Just  what  tenperat\ire  field  the  balloon  at  rest  would  be 
subject  to  at  different  positions  in  the  atmosphere.  This  effect  should  be 
quantitatively  measured  at  night  and  in  the  daytime  probably  for  typical 
m— er  winter  conditions*  If  one  assumes  that  one  knows  this  teaperature  field 
that  the  balloon  is  subject  toi,  it  is  then  possible  to  decide  liiat  its  rate  of 
rise  will  be,  given  an  Initial  free  lift  on  the  ground  and  given  this  teiqperature 


j 
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field  the  balloon  is  laaersed  in.  The  rate  of  rise  would  be  detenained  bj 


equating  the  ITee  lift  to  the  total  drag  and  solring  for  the  ▼eloclt7. 

However,  as  soon  as  the  balloon  begins  to  move  the  buoyancy  which  it  has  at 
rest  will  be  altered  by  the  fact  that  the  gas  inside  the  balloon  is  eaqpanding 
if  the  balloon  is  rising  or  conpressing  if  the  balloon  is  descending.  This 
expansion  or  coopression  of  the  balloon  gas  will  be  reflected  by  a change  in 
balloon  tenperature  and  therefore  a change  in  the  balloon's  buoyancy  as  it 
moves.  Since  this  change  in  buoyancy  is  not  present  for  a floating  balloon 
it  then  appears  as  an  effective  drag  on  the  balloon  since, as  the  balloon  rises 
it  cools, losing  buoyancy  and  thereby  has  a smaller  driving  force  to  be  com- 
pensated by  aerodynamic  drag.  The  amount  of  this  loss  of  buoyancy  of  the 
rising  balloon  or  gain  in  buoyancy  of  the  descending  balloon  will  be  deter- 
mined by  the  rate  at  idiich  the  balloon  is  rising  or  descending  and  by  the 
efficiency  of  the  heat  transfer  from  the  surroundings  of  the  balloon  into 
the  balloon  gas.  If  there  were  no  heat  transfer  from  its  surroundings  at 
all  it  would  be  clear  that  the  balloon  with  a small  amount  of  free  lift  would 
rise,  the  gas  inside  would  expand  adiabaticallji^ cooling  per  1000  feet  of 

ascent.  It  would  take  only  a few  thousand  feet  of  ascent  of  this  sort  to 
cool  the  balloon  sufficiently  so  that  its  free  lift  would  be  gone  and  the 
balloon  would  come  to  rest.  Since  this  does  not  happen  it  is  clear  that  the 
flow  of  heat  into  the  balloon  is  adequate  to  allow  a tenperature  difference 
to  exist  and  therefore  a buoyancy  loss  over  the  situation  at  rest.  This  loss 
of  buoyancy  is  spoken  of  as  theraodynaoic  drag.  The  previous  discussion  of  the 
effect  was  included  to  show  that  the  thermodynamic  drag  is  not  a drag  term  in 
the  sane  sense  as  the  aerodynamic  drag  is  and  in  fact  the  so-called  thermodynamic 
drag  may  be  different  for  balloons  of  the  same  sise  idilch  have  different  absorp- 
tion properties  since  it  depends  upon  the  heat  transfer  from  the  outside  air 
into  the  balloon  system  and  this  heat  transfer  may  be  quite  vitally  depexxlent 
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upon  the  actual  teaperature  of  the  balloon  film.  Ope  application  of  the  use 
of  the  Idea  of  thermodynamic  drag  in  the  balloon  syetem  is  the  discussion  of 
the  sunset  rate  of  descent  in  the  balloons  which  is  included  in  VolumsVIf 
Section  VI  of  this  report. 

A final  factor  in  describing  the  ascent  or  descent  of  balloons  is  the 
aerodynamic  drag  which  will  be  responsible  for  the  velocity  acquired  once 
f one  knows  the  net  buoyancy  of  the  balloon  and  as  was  Just  indicated  this  net 
buqyancy  in  turn  till  be  determined  by  the  thermodynamic  loss  of  lift  or  the 
thermodynamic  drag  aiad  by  the  actual  free  lift  idilch  the  balloon  would  have, 
if  it  were  brought  to  rest  at  the  position  in  the  atmo^here  idilch  is  being 
considered.  The  quantitative  measxirement  of  the  thermodynamic  drag,  the 
: aerodynamic  drag  and  the  teiqperature  field  that  the  balloon  is  subject  to  is 

I ; not  merely  of  academic  Interest.  In  order  to  realistically  design  ballast 

j systems  or  to  be  able  to  control  a balloon  in  its  vertical  flight  it  is  nec- 

I essary  to  understand  in  detail  these  three  factors  and  to  be  able  to  put  them 

in  eq[nation8  in  a quantitative  way.  The  first  major  contribution  to  understanding 
I vertical  flight  on  our  project  came  at  flight  #U0,  with  the  introduction  of 
i the  duct  iqjpendiz.  The  very  misleading  effects  of  air  intake  have  so  cospllcated 

I the  analysis  that  in  many  of  the  previous  flights  the  most  predominant  effect 

/ 

t determining  the  rate  of  rise  or  descent  of  the  balloon  was  the  thermodynamic 
I drag  introduced  by  the  very  large  quantities  of  intaken  air.  Our  flight  #8 

; is  a good  esu^le  of  the  effect  on  the  ascent  time-altitude  curve  of  Intaioi 

of  air  and  is  included  in  this  section  as  figure  1.  In  contrast  to  the 

I ascent  behavior  of  flight  #8  a portion  of  thetlme  altitude  of  flight  #Uo  is 

i 

also  included  in  figure  2 to  show  the  difference  in  the  tims-altitude  curve  as 
the  balloon  naared  celling.  The  notations  on  Figure  1 refer  to  the  appearance 
of  the  balloon  as  determined  by  up-plctures  taken  during  fligjit.  Figure  2 is  a 
diagramatlc  sketch  of  the  balloon  appearance  in  throe  flints  that  intook  air. 
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FIRST  TAKES  BECOMES  FULL 


GROSS  LIFT  = 413  LBS. 

INITIAL  RATE  OF  RISE  = 940  ft/mln. 

FLIGHT  NO. 


FIRST  TAKES  BECOMES  FULL 

AIR 


50  Mb. 


GROSS  LIFT  = 436  LBS. 

INITIAL  RATE  OF  RISE  = 830  ft/mln. 

FLIGHT  NO. 

FIRST  TAKES  BECOMES  FULL 

A I 1> 


50  Mb. 


GROSS  LIFT  = 292  LBS. 

INITIAL  RATE  OF  RISE  = 850  ft/min. 

FLIGHT  NO. 
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The  data  were  obtained  tvoa  v;>-plc tores.  The  effect  of  the  intake  of  air 
even  at  relatively  high  rates  is  that  ab  pressures  approximately  U to  5 tines 
the  celling  pressure  of  the  balloon, the  bottom  of  the  balloon  becomes  open, 
air  rushes  in  and  fills  out  the  balloon  greatly  Increasing  its  drag  since  a 
quantity  of  air  equal  to  approximately  four  to  five  times  the  air  displaced 
originally  by  the  fll^t  can  be  taken  in.  This  air  acts  as  an  insulator 
thermally  and  must  be  warned  as  the  balloon  rises  and  the  effect  of  this 
is  to  greatly  slow  down  the  ascent  of  the  balloon  at  the  instant  of  air 
intake.  The  balloon  never  reaches  its  theroetical  ceiling  because  as  the 
air  is  mixing  inside  the  balloon, the  balloon  finally  reaches  celling  with 
an  injure  mixture  after  valving  out  only  a portion  of  the  air.  The  fact 
that  the  thermodynamic  drag  that  the  air  introduces  slows  down  the  rate 
of  ascent  of  the  balloon  means  that  the  balloon  Spends  more  time  at  altitudes 
at  idilch  the  air  can  mix  and  thereby  makes  the  problem  even  worse  allowing 
the  air  to  £q>preclably  contaminate  the  helium.  Slow  rising  balloons  which 
are  subject  to  this  effect  with  open  appendices  or  straight  skirt  appendices 
may  miss  their  theoretical  ceiling  hy  a very  large  amount  due  to  the  air 
mixing.  The  Introduction  of  the  duct  appendix  has  eliminated  this  unsavory 
featiure  of  balloon  flights  and  has  in  a sense  helped  understand  the  behavior 
of  bailloons  in  vertical  flight.  Flight  #U0  idiich  was  given  as  an  exaoqple  of 
the  use  of  the  duct  was  the  first  successful  application  of  the  duct  appendix 
in  ballooning  and  it  is  clear  that  if  there  is  no  intake  of  air  the  rate  of 
rise  of  the  balloon  is  maintained  near  its  ceiling  altitude  and  the  balloon 
reaches  this  theoretical  ceiling  altitude  with  a square  comer  on  the  time 
altitude  curve.  Numerous  flights  since  flight  #U0  have  shown  that  the  balloon 
floating  at  ceiling  can  begin  to  descend  with  the  duet  appendix  and  will,  while 
it  descendsi  not  intake  any  ala  As  it  descends  it  will  acquire  the  shape  and 
sise  corresponding  to  the  balloon  during  its  ascent,  idiereas  balloons  irtilch 


Confidential  Security  Information 


Page  VI-177 


Confidential 


freely  intake  air  through  the  bottom  as  they  descend  slowly,  always  remain 
completely  full. 

We  will  now  discuss  some  characteiristics  of  the  ascent  curres  of  balloons 
which  do  not  have  the  contributing  effect  of  air  intake  to  cloud  the  analysis. 
Figure  3 shows  a plot  of  the  initial  rate  of  rise,  that  is,  the  rate  of  rise 
between  the  ground  and  30,000  feet  for  a number  of  flights  in  which  the  free 
lift  was  measured  by  weighing  the  balloon  off.  Although  there  is  considerable 
scatter  of  the  points  it  is  clear  that  there  is  relationship  between  initial 
free  lift  and  initial  rate  of  rise.  The  indications  are  that  an  Initial  rate 
of  rise  in  the  range  of  UOO  to  1000  feet  per  minute  can  be  obtained  by  launching 
balloons  with  from  li  to  18$  of  air  displaced  as  free  lift.  Figure  h shows  a 
similar  plot  of  this  data  between  the  altitudes  30,000  and  52,000  feet.  This 
figure  shows  a plot  of  the  rate  of  rise  between  30,000  and  $0,000  feet  as  a 
functi(xi  of  the  initial  free  lift.  The  effect  of  the  tenperature  field  of 
the  balloon  is  beginning  to  be  evident  in  this  plot  which  shows  essentially 
no  dependence  of  the  rate  between  these  altitudes  upon  the  initial  free  lift, 
as  long  as  the  free  lift  is  in  the  range  of  5i  to  20$  of  the  air  displaced. 

This  is  interpreted  as  meaning  that  the  balloon  at  these  levels  hus  its  free 
lift  more  determined  by  the  radiation  balance  falling  upon  it  than  upon  the 
free  lift  it  had  when  it  left  the  ground.  The  general  behavior  of  the  balloon 
during  ascent  can  be  characterised  in  the  following  way.  It  takes  off  with  a 
rate  of  rise  determined  by  the  initial  free  lift  as  indicated  by  Figure  3.  If 
the  initial  rate  of  rise  is  relatively  low,  say  300  to  Uoo  feet  a minute,  the 
balloon  will  change  its  rate  quite  aptpreciably  as  it  rises  through  the  tropo- 
sphere and  will  acquire  essentially  a constant  rate  by  the  time  it  enters  the 
stratosphere.  The  rate  of  rise  in  the  stratosphere  will  then  either  stay 
constant,  rise,  or  decrease,  depending  ig>on  a varlaticn  in  the  stratospheric 

lapse  rate  and  depending  upon  whether  the  balloon  was  lauzsohed  in  Ithe  summer 
time  or  the  winter  and  whether  or  not  it  was  launched  onrer  an  overcast.  In 
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if 

^ a general  way  It  is  observed  that  the  rate  of  rise  In  the  stratosphere  will  be 

C ^ relatively  high,  say  800  to  1000  feet  a ninute  if  the  conditions  represent 

I a large  amount  of  infra-red  flux  falling  on  the  balloon,  that  is,  if  the 

I 

balloon  were  launched  in  the  summer  time  on  a clear  day.  The  stratosphere 
rate  of  rise,  on  the  other  hand,  will  be  lower  if  the  balloon  is  over  an 
overcast  or  if  the  ground  is  covered  with  snow  as  it  is  in  the  wintertime 
I and  in  any  case , strong  changes  in  the  lapse  rate  of  the  outside  air  since 

they  affect  the  transfer  of  power  into  the  balloon  will  be  reflected  in 
rate  changes  through  the  neditim  of  the  thermodynamic  drag  which  the  balloon 
has.  If  the  drag  of  the  balloon  were  entirely  thermodynamic,  that  Is^if 
the  aerodynamic  drag  were  small  in  conparison  and  if  the  temperature  field  did 
not  correspond  to  Increased  free  lift  as  the  balloon  passes  into  the  stratos- 
phere, than  the  tropopause  should  be  reflected  in  a marked  decrease  in  rate  of 
rise  in  balloon.  This  is  generally  not  true  in  helium  filled  flights.  It 
can  be  shown,  however,  that  the  atmospheric  lapse  rate  and  the  thermodynamic 
drag  are  extremely  important  factors  by  putting  into  the  balloon  a quantity 
of  air.  Our  flight  is  a good  example  of  this  fact.  Flight  ^3  was  a 

I quarter  of  a million  cubic  foot  balloon  launched  with  a mixture  nhich  was 

I half  air  and  half  helium.  It  showed  an  increase  in  troposphere  rise  rate 

j finally  reaching  a value  of  approximately  $00  feet  per  minute.  On  entering 

I 

the  stratosphere  the  Ij^se  rate  changed,  the  balloon  immediately  slowed  its 
rate  of  rise  to  approximately  200  feet  per  minute  and  this  rise  rate  slowly 
Increased  to  about  300  by  the  time  the  balloon  reached  celling.  It  is  now 
believed  that  normal  balloon  flints  have  the  rate  of  rise  determined  at 

I 

different  altitudes  by  quite  a changing  balance  of  buoyancy,  thermodynamic, and 
aerodynamic  drag.  The  indications  are  quite  clear  that  a quarter  of  a million 
I cubic  foot  balloon  floating  at  celling  altitude  will  be  subjected  to  essentially 

pure  thermodynamic  drag  when  it  changes  this  altitude  slowly.  A rate  of  descent 

1 - 
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froB  celling  of  UOO  to  $00  feet  a minute  will  correspond  to  pure  thermodynamic 
drag.  On  the  ground,  on  the  other  hand,  the  rate  of  rise  is  more  limited  by 
aerodynamic  drag  than  by  the  thermodynamic  although  even  near  the  ground  at 
low  rates  of  rise  the  effect  of  tecperature  Inversions  are  evident  on  the 
balloon  behavior  and  are  a demonstration  of  Its  thermodynamic  drag.  For  a 
given  constant  rate  of  rise  the  aerodynamic  drag  of  the  balloon  decreases  as 
the  balloon  approaches  celling.  The  thermodynamic  drag,  however,  will  be 
constant  throughout  the  stratosphere  and  in  general  becomes  a bigger  and  bigger 
effect  as  the  aerodynamic  drag  drops  off.  Many  people  have  tried  to  describe 
the  ascent  behavior  of  balloons  in  terms  of  pure  aerodynamic  drag  and  of  the 
free  lift  given  to  the  balloon  on  the  ground.  Since  the  aerodynamic  drag 
depends  upon  the  pressure  linearly  and  on  the  area  of  the  balloon  it  can  be 
shown  that  this  drag  decreases  for  the  same  velocity  as  the  pressure  drops. 

Pure  aerodynamic  drag  and  a fixed  free  lift  then  corre^ond  to  a rate  of 
rise  in  the  balloon  Increasing  steadily  as  the  pressure  drops  and  with  the 
rate  of  rise  essentially  dependent  upon  the  sixth  root  of  the  atmospheric 
pressiire.  This  pure  aerodynamic  drag  behavior  is  not  observed  and  because 
of  the  conplexity  of  theproblem  it  is  not  expected  that  one  can  describe 
the  behavior  in  terms  of  aerodynamic  drag  alone.  A factor  which  complic- 
ates the  calculation  of  the  aerodynamic  drag  for  the  rising  balloon  is  the 
fact  that  for  most  flights  the  Reynolds  niimber  of  the  balloon  as  it  reaches 
celling  corresponds  to  laminar  flow  idiereas  at  take  off  the  flow  is  turbulent. 

This  means  that  somewhere  in  between  the  transition  between  turbulent  and 
laminar  flow  has  taken  place  with  a corresponding  complicated  chajsge  in  the 
coefficient  of  drag  in  the  balloon.  In  addition  to  this  the  balloon  shape  is 
changing.  It  starts  out  quite  long  and  slim  and  reaches  selling  almost  spher- 
ical. It  is  now  realised  that  it  is  not  possible  to  calculate  the  aerodynailio  ^ 

drag  during  the  rising  part  of  the  curve  and  experiments  are  being  designed  to 
measure  this  aerodynamic  drag  directly  as  a function  of  altitude  and  velocity. 
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Since 

the  aerodynamic  drag  does  go,  howerer,  as  a square  of  the  velocityj  it  does 
set  an  upper  limit  to  the  velocity  which  the  balloon  can  acquire  at  axiy  alt- 
itude and  the  following  discussion  is  pertinent  to  this  effect. 

The  longitudinally  stressed  natural  shape  balloon,  with  sero  circumfer- 
ential stress,  has  the  property  whereby  the  shape  of  the  balloon  responds  to^ 
and  is  solely  a fiuictlcm  of  the  forces  on  the  fabric.  In  the  static  and  low 
velocity  regions  the  shape  is  well  defined  by  the  force  of  the  lifting  gas 
€ilone.  At  higher  balloon  velocities  the  aerodynamic  forces  become  greater. 

In  some  cases  of  ascending  balloons,  they  approach  the  static  forces  in  mag- 
nitude and  consequently  are  too  large  to  be  neglected. 

According  to  Bernoulli,  the  dynamic  pressure  is  ejqpressed  as: 

Af  = 

where  A P = dynamic  pressure  (Ibs/sq  ft) 

m mass,  density  of  fluid,  air  (slugs) 

Zr  z velocity  (ft/ sec) 

This  pressure  acts  at  the  stagnation  point  in  the  air  flow  at  the  top  center 
of  the  balloon  where  the  relative  velocity  is  reduced  to  zero  and  no  kinetic 
energy  remains  (Figure  5).  relative  velocity  of  air  along  the  balloon 
surface  Increases  from  zero  at  this  point  to  a maximum  near  the  equator  of 
the  balloon  and  then  diminishes  again  below  the  equator.  If  the  total  energy 
of  the  air  remains  constant  the  pressure  decreases  as  the  velocity  of  air 
increases  to  a maximum  near  the  equator.  The  velocity  diminishes  from  its 
maxlnium  as  the  flow  continues  around  the  underside  of  the  balloon.  In  an 
ideal  fluid,  the  pressure  builds  up  with  the  decreasing  velocity  on  the 
underside  of  the  balloon  similar  to  the  pattern  on  top.  In  air,  this 
cooplete  build-\q>  is  not  realized  because  of  the  viscous  losses  of  energy 
resulting  from  the  flow  around  an  object. 

The  described  dynamic  pressure  loading  on  the  balloon  is  such  as  to 
the  balloon  more  oblate  than  its  original  natxzral  shape.  A different  drag 
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coefficient  for  the  new  ehs^e  will  result  and  will  affect  the  final  equilibrium 
velocitj, 

T)te  static  pressure  at  the  top  of  the  balloon  is  expressed  as  follows* 


P-(^air  - 

where  P - static  head  pressure  (Ibs/sq  ft) 

^ s acceleration  of  gravity 

i s pressure  head  measured  from  the  sero  pressure 

level  (ft) 

The  condition  of  dlnpling  the  top  of  the  balloon  is  expressed  by  equating 
the  inside  and  outside  pressures  at  this  point* 


OR 


_ T - 
where  / = ^ 

<rl^^ 

where  K ~ 

T-l 


The  dinpling  velocities  for  helium  and  eunmonla  inflated  balloons  are  plotted 
in  Figure  6, 

It  is  not  difficult  to  imagine  that  a balloon  free  to  change  shape  with 
dynamic  forces  will  have  done  so  appreciably  before  the  velocity  of  dlnpling 
has  been  reached.  As  well  as  changing  the  shape  and  drag  coefficient,  dynamic 
forces  will  change  the  center  of  gravity  of  the  lifting  gas  with  respect  to 
the  load  and  also  might  affect  the  static  pressure  head  in  the  balloon.  This 
could  contribute  to  a more  or  less  governing  action  on  the  rates  of  rise  at 
lower  altitudes.  Natural  shaped  balloons  in  motion  in  an  ideal  fluid  will  be 
investigated  in  detail  with  the  aid  of  the  REAC  cooputer. 
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B.  Behavior  at  Altitude.  The  behavior  of  the  balloon  after  it  has  reached 
ceiling  altitude  can  be  discussed  in  teras  of  various  categories  of  flights. 

A number  of  our  flights  before  the  introduction  of  the  duct  appendix  were  ana- 
lysed in  this  way.  The  analysis  Is  included  in  Figures  7 and  6.  Flights  are 
analyzed  in  foMr  categories j A,  By  C and  D.  Category  A corresponds  to  balloons 
idiich  took  in  air,  were  inflated  with  pure  helium  and  had  no  appendix  at  all 
so  that  one  did  not  have  the  air  limiting  effect  of  a standard  skirt  appendix. 
The  characteristic  behavior  of  these  flights  is  that  they  approached  ceiling 
very  slowly  with  a round  corner  and  floated  level  at  celling  after  reaching 
this  altitude.  Their  ceiling  altitude  is  always  below  the  theroetical  cell- 
ing of  the  balloon  and  this  fact  is  indicated  by  the  arrows  with  the  dotted 
lines  which  correspond  to  the  theoretical  celling  of  these  balloons.  Category 
B corresponds  to  balloons  with  skirt  appendices.  Ths  balloons  have  a high  rate 
of  rise,  the  skirt  appendices  are  fairly  effective  in  keeping  air  out  during  the 
ascent  part  of  the  fli^t.  In  category  B are  balloons  with  anmonla  plus  helium 
and  good  appendices  and  one  flight  with  pure  hellxun  and  22  pounds  of  dry  ice 
which  was  allowed  to  evaporate  freely.  It  was  later  found  that  the  evaporation 
rate  of  dry  ice  is  quite  low,  a 25  pound  chunk  of  dry  ice  will  only  evaporate 
approximately  8 pounds  of  dry  ice  in  a six  hour  flight.  The  characteristics 
of  the  flight,  however,  in  category  B,  are  such  that  they  reach  ceiling  with 
a square  corner,  float  level  for  an  appreciable  length  of  time  after  reaching 
ceiling.  It  is  believed  that  the  dry  ice  and  the  ammonia  are  stabilizing 
factors  which  keep  the  balloon  from  descending.  It  should  be  noted  that  the 
ammonia  was  inserted  in  the  balloon  with  the  helium  and  may  have  acted  as  a 
cork  in  the  bottom  of  the  balloon  to  prohibit  the  difftislon  of  air  into  it.  < 

The  dry  ice,  however,  was  used  as  an  automatic  ballast  dropper. 

Category  C corresponds  to  flight  curves  with  good  ^pendices  and  pure 
helium.  In  other  words  the  flights  in  category  C are  similar  to  those  in 
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category  B except  for  the  absence  of  amiBonia  and  the  absence  of  any  stabil- 
ising ballast  drop.  Characteristic  of  these  flights  is  that  they  reach 
ceiling  id.th  a square  comer  as  do  flights  of  category  B but  they  float  at 
celling  level  only  for  a limited  length  of  time.  flight  \q>on  reaching 

ceiling  must  overvalve  a small  amount  of  gas.  In  general  this  is  not  res- 
ponsible for  the  balloon's  descent  Immediately  because  the  gas  in  the  balloon 
is  cold  due  to  its  expansion  as  the  balloon  was  rising  so  after  reaching 
celling  the  balloon  can  then  warm  up  and  make  up  for  any  overvalving  which 
occurs.  It  has  been  observed,  however,  that  balloons  with  good  appendices, 
pure  helium  and  no  ballast  drops  will  reach  a celling,  float  level  for  one 
hour  and  then  began  descending.  Since  these  flights  could  take  in  air  the 
rate  of  descent  is  rather  low  due  to  the  thermodynamic  drag  of  the  air. 

There  is,  however,  a pronounced  loss  of  lift  after  floating  at  celling  for 
about  «n  hour  itiich  is  responsible  for  the  descent  of  the  balloon.  It  has  been 
shown  by  ten^erature  measurements  that  a warming  of  the  gas  upon  reaching 
celling  takes  place  in  a time  of  the  order  of  10  minutes.  Therefore  this 
level  period  of  flight  is  not  the  period  in  which  the  balloon  gas  warms  up 
but  is  a longer  period.  The  descent  of  these  balloons  is  believed  to  be 
the  result  of  one  of  two  possible  causes.  The  first  of  these  may  be  a change 
in  shape  of  the  balloon  after  it  has  been  floating  full  for  some  time  result- 
ing in  a valving  of  gas  after  a period  of  time  and  a corresponding  loss  of 
lift.  The  ether  possibility  is  that  the  diffusion  through  the  appendix,  which  can 
be  shown  correspond  to  something  like  2%  of  loss  of  lift  per  day,  is 
responsible  for  replacing  some  of  the  helium  in  the  balloon  with  air  thereby 
causing  a not  loss  of  lift.  T^e  affect  of  descent  after  level  flight  for 
^>proxiaately  an  hour  is  called  the  "Howell  ■ effect  as  it  was  first  clearly 
delineated  in  MOBT  DICK  flights  and  pointed  out  to  us  by  Professor  Howell  of 
Tofts  College.  Hnaerous  discussions  with  people  at  General  Mills,  Ino.  and 
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on  other  balloon  projects  have  indicated  that  this  effect  had  been  previously 
observed.  IDBI  DICK  flights,  however,  were  the  first  to  point  this  up  as  a 
clearly  defined  effect  not  associated  with  leakage. 

Category  D corresponds  to  balloons  which  had  leaks.  The  difference 
between  the  ceiling  behavior  in  category  D and  category  C is  that  the  leaky 
balloon  shows  a descent  curve  which  is  concave  downwards  in  contrast  to 
category  C which  Is  concave  v^wards.  The  flights  for  category  D did  remain 
level  at  ceiling  for  a short  period  of  tine  and  this  period  of  tloe  is  in 
quite  good  agreement  with  the  sieasured  time  constant  for  the  warning  of  the 
gas  after  reaching  ceiling.  It  is  fairly  clear  in  these  flights  that  the 
balloon  reaches  ceiling  with  a hole.  As  long  as  the  gas  is  warming  up 
the  balloon  can  continue  to  valve  and  maintain  a ceiling.  However,  as  soon 
as  the  warsd-ng  ceases  the  leakage  takes  over  and  the  balloon  begins  descend- 
ing with  an  ever  Increasing  rate.  One  of  the  original  reasons  for  Introducing 
the  duct  appendix  was  to  understand  the  "Rowell'*  effect  as  evidenced  by  the 
curves  of  category  C.  It  was  believed  that  the  duct  would  eliminate  the 
possibility  of  diffusion  of  air  into  the  helium  mixture.  As  soon  as  the 
duet  was  introduced  the  "Howell"  effect  was  eliminated.  As  soon  as  the 
balloon  reached  celling  with  the  duct  prohibiting  Intake  of  air,  the  flight 
would  level  off  and  float  level  until  some  definite  loss  of  lift  occurred 
such  as  the  loss  of  lift  at  sunset.  The  duct  was  therefore  responsible  for 
the  elimination  of  the  "Howell"  effect  but  did  not  establish  which  of  the 
two  causes  was  responsible  for  it.  The  balloons  flown  with  duets  were  flown 
as  sub-pressure  balloons  and  could  take  on  a natural  shape  in  the  lower  regions 
of  the  balloon.  It  is,  however,  unliksly  that  a change  in  shape  has  been  res- 
ponsible for  the  "Rowell"  effect.  It  is  more  probable  that  the  introduction 
of  the  duct  did  out  down  diffusion  of  air  into  the  balloon  axid  that  this  was 
responsible  for  Its  . success  in  eliminating  the"Hofwell"  effect. 
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Another  Interesting  chsrsoteristio  of  the  balloon  at  celling  ahieh  occurs 
as  soon  as  the  duct  is  used  is  that  the  balloon  oscillates  about  at  ceiling 
altitude.  Tkis  is  shoen  in  Figures  1 and  9*  Figure  1 has  already  been  quoted 
and  is  the  tiae-altitude  cunre  for  flight  |QiO.  It  is  quite  easy  to  see  the 
oPCi.Uation  at  ceiling  altitude  uhlch  has  a period  of  approzinately  five  adn- 
utes.  T^is  value  for  the  period  is  in  very  good  agreeiaent  with  calculations 
uhich  show  that  the  period  of  oscillation  depends  only  upon  the  absolute  tesp- 
&^*ature  of  the  ataoQ)here  and  the  atnospherlc  lapse  rate.  Ihe  balloon  bobs 
about  its  celling  altitude  cooling  adlabatlcally  as  it  overshoots  its  altitude 
and  warning  adlabatlcally  as  it  is  descending  below  the  altitude.  The  period 
of  oscillation  should  be  approxinately  5 ainutes  in  the  stratosphere  and  approx- 
laately  7 ainutes  in  the  troposphere.  Figure  9 ia  a photograph  of  the  barograph 
trace  from  flight  #U0  and  clearly  shows  the  oscillation  of  the  baUom  at  celling . 
The  duct  aOlows  this  oscillation  since  the  balloon  can  rise  and  descend  without 
taking  in  air  which  would  imnedlately  stop  this  bouncing.  The  effect  of  bouncing 
at  ceiling  will  also  show  whether  or  not  the  balloon  has  slack  voluae  which  will 
allow  it  to  rise  above  its  ceiling  altitude.  This  was  true  in  the  first  duct 
flights  in  which  the  duct  was  cut  short  enough  so  that  the  cone-on-sphere  bal- 
loon took  on  approximately  natural  shape  near  the  bottom  of  the  balloon  and 
therefore  had  some  slack  voluae  to  fill  out.  Up-pictures  show  clearly  that 
the  balloon  was  not  tight  in  the  lower  portion  of  the  conical  region.  In  fact 
it  was  quite  clear  that  a change  in  curvature  occurred  at  the  bottom  of  the 
duct.  In  these  flights  the  duet  was  cut  approximately  a third  of  the  distance 
up  from  the  bottom  along  the  gore  since  this  is  the  position  of  the  sero 
pressure  level  which  had  been  calculated  to  give  approximately  a 60°  cone 
angle  for  a Mtural  shape  balloon.  6o°  cone-on-sphers  ball  ccns  :tcx'e  the  ones 
which  were  being  flown  at  the  time  of  fli^t  #U0.  It  pexhsps  Should  be  pointed 
out  here  that  a ninety  degree  cone-on-sphere  balloon  would  require  a duet  cut 
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Sec  VI  Fig  9*  Photograph  of  barograph  trace  showing 
oscillation  at  ceiling  in  flight  #U0. 
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■nch  nearer  the  bottoa,  almost  to  the  i^ex  of  the  halloonj  in  order  to  it 
acquire  approximately  natural  sh£^e  in  the  loner  regions*  The  equation  for  the 
period  of  the  bouncing  of  the  balloon  at  ceiling  is  as  follows* 

T=  ::ii 

where  'T  r the  period  in  minutes 

X-  s the  atmospheric  ten^ierature 

L*  s the  lapse  rate  of  the  filling  gas  in  °C/1000  feet 

(4-U  for  Helium) 

L m the  atmospheric  lapse  rate  (normally  -2  in  the 
trosphere,  0 in  the  stratosphere) 

The  fact  that  flight  #U0  oscillated  for  approximately  6 or  7 full  periods  is 
evidence  that  the  aeirodynamic  drag  at  celling  is  really  quite  small  since  it 
does  not  damp  out  this  oscillation  in  this  period  of  time.  In  fact  the  aero- 
dynamic drag  of  the  balloon  can  be  calculated  at  ceiling  since  the  balloon  is 
nearly  spherical*  It  is  clearly  in  the  laminar  region  of  flow*  Such  a cal- 
culation leads  to  the  resiilt  that  of  a rate  of  rise  of  700  ft/mln  the  aerodynamic 
drag  can  only  correspond  to  6 pounds  for  a full  balloon  at  celling*  a free  lift 
of  more  than  60  poxinds,  however^  is  required  to  produce  a stratosphere  rate  of 
700  ft/min*  This  is  further  support  to  the  fact  that  large  balloons  in  the 
stratosphere  have  their  rates  determined  principally  by  radiation  balance  and 
thermodynamic  drag* 
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C.  Descent  Behavior*  As  was  previously  noted  flints  prior  to  our  fli^t  #U0 
on  descending  with  skirt  appendices  could  take  in  air  and  thereby  remain  full. 

The  effect  of  the  intake  of  air  in  a descending  balloon  was  to  greatly  slow 
down  its  descent  rate  since  the  great  mass  of  intaken  air  needs  to  be  compressed 
as  the  balloon  descends  and  represents  an  extremely  large  drag.  To  give  an 
example  of  the  magnitude  of  this  effect,  one  observes  that  a balloon  which 
allows  the  intake  of  air  tJirough  the  bottom  at  sunset  may  descend  at  a rate 
of  iq^proximately  50  ft/min  idiereas  a duct  appendix  on  the  same  balloon  would 
allow  the  balloon  losing  the  same  amoiint  of  lift  to  descend  at  250  to  500  ft/min, 
almost  10  times  faster  than  the  air  balloon. 

To  siimnarise  all  flights  irtiich  were  allowed  to  descend  before  our  flight 
#ltO  one  can  say  that  the  descent  rates  of  these  flights  were  determined  by  the 
thermodynamic  drag  of  the  intaken  air  and  by  the  possibility  of  the  wanning 
of  this  intaken  air  in  case  the  balloon  descended  into  a region  where  the 
static  condition  would  allow  super  heating  of  the  intaken  gas.  It  is  quite 
possible  for  a balloon  which  intakes  air  to  become  stable  if  the  balloon  can 
run  slightly  warmer  than  the  outside  air  since  the  intaken  air  can  be  warmed 
and  can  contribute  buoyancy.  As  soon  as  intaking  of  air  was  eliminated  the 
behavior  of  descending  balloons  became  m^lch  easier  to  understand  than  in  the 
case  of  balloons  which  had  a large  and  unknown  quantity  of  air  flowing  into  Utaa. 
It  is  observed  that  when  a definite  amount  of  lift  is  lost  at  sunset  the  balloon 
descends  and  maintains  ipproximately  a constant  rate  throughout  the  stratosphere. 
This  rate  will,  however,  reflect  changes  In  ^e  lapse  rate  and  if  it  is  rel- 
atively small  (200  to  500  f^ljoin)  these  changes  in  lapse  rate  produce  pronounced 
changes  in  the  rate  of  descent.  On  entexdng  the  tropos];^ere  the  rate  of  descent 
Increases  very  greatly  since  the  average  condition  corresponds  to  the  change 
from  sero  lapse  rate  in  the  stratosphere  to  -2^  per  thousand  feet  in  the  tropo- 
sphere. It  can  be  shown  that  if  the  drag  is  all  thermodynamic  (a  good  ipprox- 
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iBatlon  at  these  rates  and  altitudes)  that  the  rate  of  descent  should  be 
proportional  to  L ^ U.*  The  ratio  of  L4ii  in  a noraal  stratosphere  to  its  ralue 
in  a noroal  troposphere  is  2 to  1 and  one  would  expect  then  for  pure  therao- 
dynamic  drag  to  have  an  increase  in  rate  iQ)on  entering  the  troposphere  a factor  of  2. 
The  changes  in  rate  that  accompany  the  descent  of  a balloon  which  cannot 
Intake  air  have  been  consistent  with  this  picture.  It  is  therefore  be- 
lieved that  a 73  foot  balloon  descending  from  ceiling  at  sunset  is  subject 
to  pure  thermodynamic  drag.  One  can  carry  this  picture  a little  further. 

Consider  a balloon  which  is  floating  at  ceiling  during  the  day  and  which 
is  warmed  relative  to  the  outside  air  by  20°.  The  sun  sets  on  this  balloon 
and  it  immediately  begins  to  descend.  If  it  is  subject  to  thermodynamic 
drag  alone  its  rate  of  descent  represents  an  equilibrium  condition  since 
it  is  an  equilibrium  condition  just  as  surely  as  the  balloon  is  in  equilibrium 
at  celling.  One  then  comes  to  the  conclusion  that  the  balloon  descends  at 
such  a rate  that  it  conpresses  the  gas  and  produces  a net  tenperature  of  the 
gas  above  the  outside  air  of  20*^  or  in  other  words  the  same  as  the  tenperature 
supex4ieat  above  the  outside  air  that  existed  during  the  day.  Attenpts  are  being 
made  to  measure  the  mean  tenperature  of  the  gas  as  the  balloon  descends  after 
sunset  but  the  prediction  is  that  this  average  tenperature  will  not  change. 

To  say  it  another  way  as  soon  as  the  balloon  is  subject  to  another  tenperature 
changing  effect  irtiich  would  take  away  its  s\per  heat  it  will  begin  descending 
at  just  such  a rate  that  it  maintains  its  super  heat  sass.  It  wouldy  in 
principle^  than  be  possible  to  make  balloons  descend  more  slowly  at  sunset  if 
one  could  somehow  make  the  transfer  of  heat  into  the  balloon  less  effective 
since  the  rate  of  transfer  of  heat  into  tl<^  balloon  is  what  must  be  respcxislble 
for  the  resultant  tenperature  difference  between  the  balloon  and  the  outside 
air.  T^e  amounts  of  power  Involved  are  quite  large.  A balloon  with  a doable 
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1-adl  polyethylene  construction  and  a single  set  of  tapes  eill  descend  at 
sunset  at  approxlnately  350  ft/mLn,  if  it  has  a gross  load  of  about  500  pounds 
of  air  displaced.  The  power  li^ut  will  be  of  the  order  of  3 to  U kilowatts 
and  this  power  oust  be  transfezred  from  the  gas  in  the  balloon  to  the  outside 
air.  On  might  bell  ewe  that  the  conrection  between  the  inside  gas  and  the 
outside  air  is  similar  for  the  descending  balloon  to  the  convection  at  celling 
except  for  the  fact  that  at  celling  the  inside  gas  is  essentially  at  constant 
tei^erature  and  at  the  ten^rature  of  the  film  whereas  the  descending  balloon 
has  its  Inside  gas  wanner  than  the  film  #ilch  in  turn  is  warmer  than  the  out- 
side air.  The  assunptlon  is,  however,  that  the  loss  of  heat  from  the  inside 
gas  to  the  outside  air  is  similar  for  the  descending  balloon  to  the  situation 
at  celling  has  been  quite  a successful  one  as  is  Indicated  by  the  section  on 
Sunset  Effects.  All  of  our  sunset  descent  data  can  be  correlated  in  a slople 
formula  idilch  assumes  that  the  drag  is  all  thermodynamic  during  descent  and 
that  the  convection  of  the  balloon  during  descent  is  similar  to  convection 
while  floating  at  celling.  The  data  on  ten  balloon  flights  have  been  used 
for  this  analysis  and  the  data  are  fitted  by  a single  constant  to  within 
probable  error  of  9%»  In  this  sijiple  picture  the  descent  rate  of  the  balloon 
is  determined  by  its  absorption  of  solar  energy  per  pound  of  material  and 
therefore  the  slople  relation  relating  the  rate  of  descent  to  the  weight  of 
displaced  air  and  the  balloon  weight  can  be  solved  for  the  absorption  of  the 
material.  For  polyethylene  balloons  the  value  of  the  absorption  turns  out  to 
be  18  watts  per  pound  of  material.  The  analysis  leading  to  the  equation  for 
the  descent  md  the  complete  discussion  of  this  problem  is  Included  in  the 
section  on  sunset  effects.  It  is  Included  here  merely  as  evidence  for  almost 
purely  thermodynamic  drag  at  the  rates  of  descent  eosountered  by  a balloon 
descofiding  at  sunset. 


Confidential  Security  Informatloc 


Page  VI-197 


Confidential 


D.  Thermodynamic  Effects.  It  has  been  previously  pointed  out  here  that  rising 
balloons  are  cooler  than  balloons  at  equilibrium  and  descending  balloons  are 
warmer  than  the  corresponding  balloon  at  equillbriiui.  This  fact  leads  to 
rathbr  Interesting  thermodynamic  effects  when  the  state  of  the  balloon's  motion 
is  suddenly  changed  by  the  dropping  of  an  increment  of  ballast.  Figures  10« 

11  and  12  are  included  to  tdiow  these  effects.  Figure  10  shows  a balloon  idilch 
is  descending  at  370  ft/oin  (flight  #U2).  l5  pounds  of  ballast  have  dropped 
and  immediately  after  the  ballast  drop  the  balloon  rises  a small  distance  and 
then  acquires  a new  downward  rate  of  120  ft/min.  The  explanation  of  this  effect 
is  that  as  soon  as  the  ballast  is  dropped  the  balloon  foiuid  itself  suddenly 
warm  because  of  its  previous  descent  rate  but  lighter  than  it  had  previously 
been  and  therefore  it  dlimbed  luitil  it  cooled  s(^ewhat  by  adiabatic  ejq>ansion 
and  convection  and  finally  acquired  the  temperature  that  it  needed  to  have  at 
equilibrium  at  its  new  descent  rate  of  120  ft/min.  Figure  11  shows  the  same 
flight  later  in  the  flight  descending  at  the  rate  of  l6o  ft/min.  Twenty  five 
po;md8  of  ballast  are  dropped  and  the  balloon  rises  extremely  rapidly  for  U«3 
minutes  while  it  is  cooling  adiabatically  to  acquire  the  temperature  idiich  it 
will  have  at  equilibrium  at  its  final  rate  which  turns  out  to  be  litO  ft/min 
upwards.  The  height  of  the  bounce  of  the  balloon  after  the  drop  of  ballast 
allows  one  to  determine  the  change  in  teoperature  between  the  initial  cond- 
ition of  descending  at  l60  ft/min  and  the  final  condition  of  rising  at  litO 
ft/min.  In  this  case  the  change  in  tenqperature  corresponds  to  9.2^.  These 
effects  in  flight  indicated  to  us  that  the  balloon  could  be  used  as  its 
own  thermometer  and  it  was  decided  to  atteirpt  to  drop  exactly  the  right 
sunset  ballast  after  the  balloon  had  begun  descending  at  night  and  to  observe 
the  net  teiEperature  change  the  height  of  the  bounce  before  the  balloon 
acquired  equilibrium.  The  cases  of  flight  #J|2  were  unfortunate  from  the 
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standpoint  that  neither  ballast  drop  had  a final  condition  which  corresponded 
to  the  balloon  floating  lenrel.  Figure  12,  however,  shows  flight  |f53  in  which 
exactly  the  right  amount  of  ballast  was  dropped  to  conpensate  for  the  sunset 
effect.  Before  the  ballast  drop  the  balloon  was  descending  at  U85  feet  a 
minute.  After  the  ballast  drop  of  U5  pounds  the  balloon  rose  extremely 
rapidly  for  U.3  minutes  meanwhile  cooling  its  gas  as  it  expanded  adiabatic  ally. 
It  then  leveled  off  at  an  altitude  far  below  its  celling  altitiide  and  floated 
essentially  level  for  the  remainder  of  the  night.  The  ballast  drop  was  U5 
pounds  with  5U0  pounds  of  air  displaced.  Since  the  ballast  was  Just  adequate 
to  make  the  balloon  float  level  at  night  this  percentage  represents  the 
sunset  effect  and  is  8.U^.  The  act\ial  tenperature  change  between  floating 
level  at  night  and  floating  level  during  the  daytime  therefore  corresponds 
to  8.U$  of  the  absolute  tenperature.  Now  if  aerodynamic  drag  can  be  neg- 
lected the  temperature  change  obtained  from  the  hei^t  of  the  bounce  should 
be  the  same  fraction  of  the  absolute  tenperature  that  the  ballast  is  of  the 
air  displaced.  It  turns  out  that  the  tenperature  change  calculated  from  the 
bounce  height  is  17.5°C  and  this  is  8.1^  of  the  absolute  temperature  in  stri- 
king agreement  with  the  8.U^  idilch  the  ballast  is  of  the  air  displaced.  It 
should  be  pointed  out  that  this  behavior,  rapidly  rising  to  change  the  tenp- 
erature,  could  only  occur  in  a balloon  which  did  not  have  air  in  it  and  for 
this  reason  these  effects  have  not  been  observed  prior  to  the  introduction 
of  the  duct  appendix. 

Analysis  of  the  thermodynamic  bounce  to  determine  relative  temperature 
change  has  proved  and  will  prove  to  be  an  effective  tool  in  studying  balloon 
performance  since  it  essentially  uses  the  balloon  as  a thermometer. 

In  connection  with  the  thermod;/rjunic  effects,  particularly  bounces,  one  is 
led  to  ask  the  question  of  idiether  or  not  a badloon  which  is  launched  should 
not  undergo  a bounce  before  establishing  its  final  rate.  In  this  connection 


Confidential  Security  Information 


Page  VI-201 


Confidential 


Confidential  Security  Infornation 


Confiddntial 


Page  VI-202 


! 


one  should  point  out  that  the  aerodyiuuaic  drag  is  a ouch  bigger  facto?  on  the 
ground  and  in  fact  it  would  tend  to  obscure  thermodynamic  bounce.  However, 
careful  examination  of  several  flints  have  shown  that  bounces  do  Indeed  exist 
and  to  demonstrate  this  the  take-off  bounce  on  flight  #U7  is  included  here  as 
Figure  13.  The  height  of  the  bounce  was  2830  feet  indicating  a ten^rature 
change  of  acquired  before  the  balloon  established  its  final  rate.  Its 

Initial  rate  on  take-off  was  lOCX)  feet/mln  and  after  the  bounce  had  taken 
place  the  rate  slowed  down  to  660  feet  per  minute.  It  is  someidiat  more 
difficult  to  get  data  on  the  take-off  bounce  than  it  is  to  get  data  on  the 
bounces  at  altitude  in  our  flights  because  of  the  fact  that  we  do  not  drop 
our  telemetering  antenna  in  general  until  the  balloon  has  reached  an  altitude 
of  5*000  or  6,000  feet.  In  more  recent  flights  we  have  been  recording  the 
Olland  Cycle  data  on  the  camera.  With  this  system  it  is  possible  to  go  back 
and  determine  the  time-altitude  curve  from  the  moment  of  take-off. 

E.  Aerodynamic  and  Thermodynamic  Drag.  The  aerodynamic  and  thermodynamis  dr&g 
have  been  discussed  briefly  in  various  parts  of  this  report  as  well  as  in  our 
first  Progress  Report.  Unfortunately  we  have  still  not  determined  the  temper- 
ature field  in  idilch  the  balloon  works  and  consequently  it  has  not  been  pos- 
sible yet  to  obtain  a cos^letely  reliable  equation  of  motion.  However,  we 
have  a nximber  of  pieces  of  data  which  have  been  put  together  to  indicate  the 
way  in  which  the  rate  of  rise  depends  uqpon  the  free  lift.  The  basis  of  the 
combination  of  aerodynamic  and  thermodynamic  drag  into  a free  lift  equation 
was  outlined  in  our  first  Progress  Report  but  at  that  time  no  figures  were 
available  to  put  in.  In  brief  the  convection  theory  indicates  that  the  thermo- 
dynamic part  of  the  drag  should  depend  upon  the  velocity  to  the  3A  power  where- 
as the  aerodynamic  drag  depends  v^on  the  velocity  squared.  A dimensional 
argument  allows  one  to  determine  the  dependence  of  the  aerodjniaaic  and  of  the 
thermodynaoie  drag  on  such  quantities  as  the  gross  load,  lapse  rate,  etc. 
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If  one  then  assumes  that  the  free  lift  is  given  at  anjr  altitude  it  is 
possible  to  calculate  from  an  equation  including  both  the  thermodynamic  and 
aerodynamic  drag  what  velocity  will  result.  The  equation  which  has  had  some 
success  in  explaining  our  results  is: 


T-Si 


Theraodynanic  drag 


Aerodynamic  drag 


where  p s per  cent  free  lift  of  air  displaced 

L « atmospheric  lapse  rate  in  ^/lOOO  ft 
Ge  = air  displaced  in  pounds 
T ■ air  ten^jerature  in  °K 
1T«  rate  of  rise  in  ft/oin 
p = atmospheric  pressure  in  mb 
C,=  7.U  X 10"^ 

Cj^m  6.5  I 10“"^ 

The  constants  in  this  equation  were  determined  from  tha  free  lifts  and 
rates  in  flight  #U2  and  from  the  average  rate  of  rise  for  a balloon  at  take-off 
with  known  free  lift.  It  should  be  enphasized  that  the  equation  which  is  pz*es- 
ented  here  is  considered  to  be  a good  ^proxiaation  at  the  present  time  but  it 
has  not  been  possible  yet  to  determine  whether  the  equation  needs  to  be  modif- 
ied depending  upon  whether  the  balloon  is  rising  or  falling  and  whether  the 
eq\iatlon  can  be  used  without  regard  to  whether  the  balloon  is  rising  or  descending 
in  day  vs.  night.  The  equation  should  therefore  be  use:'  with  sons  caution 
until  it  is  possible  for  the  project  to  answer  a number  of  questions  concerning 
restrictions  on  the  use  of  such  equations.  Figure  lU  la  a graph  which  can  be 
used  in  place  of  numerically  solving  the  equation  and  is  useful  because  it  al- 
lows one  to  see  idiat  the  relative  contributions  of  aerodynamic  and  thermodynamic 
are  at  different  altitudes  and  in  the  stratosphere  and  in  the  troposphere.  The 
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per  cent  free  lift  is  plotted  against  the  rate  of  rise  on  a series  of  cxirves. 
Each  cnrve  corresponds  to  a oe*-t.ain  c ondition  of  gross  load  and  lapse  rate  and 
pressure.  Since  the  theory  indicates  that  theraodynamlc  drag  should  be  inde- 
pendent of  pressure  the  quantities  which  are  varied  from  curve  to  curve  on  the 
thermodynamic  cuz*ves  are  lapse  rate  and  gross  load.  The  two  values  of  lapse 
rate  considered  are  -2*^  per  thousand  feet  (troposphere)  and  0°  per  thousand 
feet  (the  average  stratosphere).  The  gross  load  is  taken  as  100,  !>00  and 
2000  pounds.  The  aerodynamic  drag  curves  are  shown  at  pressures  of  1000  mb  and 
at  20  ab  and  at  gross  loads  of  l50,  $00  and  2000  pounds.  Since  the  aerodynamic 
drag  does  not  depend  upon  the  li^se  rate  this  is  not  indicated  on  the  aerodynamic 
drag  curves.  In  order  to  use  these  curves  one  looks  for  exan;)le  at  the  rate 
of  rise  and  finds  a corresponding  percentage  free  lift  represented  as  aerody- 
namic drag  and  the  corresponding  percentage  free  lift  represented  as  thermo- 
d^rnamic  drag.  The  sum  of  these  two  terms  then  is  the  total  per  cent  free  lift 
required  to  produce  this  rate  of  rise.  To  take  a numerical  ezanple,  suppose 
the  rate  of  rise  is  700  feet  a minute,  the  pressure  is  20  mb,  the  lapse  rate 
is  0 and  the  gross  load  is  500  pounds.  This  is  a common  stratospheric  cond- 
ition. One  ireads  from  700  feet  a minute  up  to  the  proper  aerodynamic  drag 
curve  and  obtains  a per  cent  Tree  lift  of  1.7^.  The  corresponding  thermo- 
dynamic drag  curve  gives  a value  of  7.7^  free  lift  in  thermodynamic  drag. 

Total  drag  is  therefore 

Experiments  are  in  progress  to  ioprove  the  knowledge  of  the  equation  of 
motion  of  the  balloon  and  it  is  hoped  that  more  detailed  Information  will  be 
available  in  the  next  report. 
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SECTION  VII 
INSTRUMENTATION 

The  instrujBentatlon  section  during  th«  period  of  flights  #21  to  #55  hat; 
been  concerned  approxlniately  equally  with  the  development  of  nee  apparatus  and 
improvement  of  apparatus  used  previously.  Since  this  development  and  iiqprovo- 
ment  was  a continuous  process  few  successive  flight  gondolas  contained  identical 
componenti!  and  no  co(q>onenta  remained  unchanged  durxng  this  period.  The  method 
of  construction  of  gondola  equipment  used  in  this  project  is  a multi-unit  method 
in  iriiich  each  unit  coopletely  serves  one  purpose  and  is  separate  from  the  other 
units  except  for  keying  and  power.  This  method  allows  assembly  of  different 
purpose  gondolas  from  standardized  units  with  a minimum  of  time  necessary  for 
design  and  construction  between  flights  and  allows  quick  replacement  of  equip- 
ment found  faulty  at  check-out  or  after  recovery.  Ibis  technique  necessitates 
heavy  construction  in  that  connectors,  wire,  mounting  plates  and  covers  are 
duplicated. 

The  largest  proportion  of  develonmental  effort  during  this  period  was 
spent  on  the  flight  constants  gondolas  flown  on  flights  #31>  #32,  #35*  #lil,  #5l 
and  #5U  (see  figure  1).  These  flights  required  a balloon  valve  and  a packaged 
ballast  dropper  operated  by  radio  command.  In  order  to  be  assured  of  proper 
radio  control  and  to  allow  for  proper  tuning  of  the  ground  transmitter  during 
flight  it  was  desired  that  a signal  be  sent  by  the  gondola  to  indicate  operation 
of  the  equipment*  A continuously  generated  Morse  code  signal  which  keyed  the 
radio  transmitter  when  t he  command  equipment  was  curated  was  developed  to  do 
this.  Since  the  receiver  to  be  used  contained  only  two  command  channels,  a 
limitation  imposed  by  the  resonant  relay  filters  used  to  control  operations, 
and  there  were  three  command  operations  desired  (valving,  ballasting  and  flight 
termination)  the  ballast  dropper  was  used  to  furnish  the  fli^t  termination 
impulse.  Because  of  the  conqplexity  of  the  inter-relations  between  the  various 
units  the  Inclusion  of  a distribution  box  became  necessary.  It  allowed  multiple 
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interconnections  to  b e made  with  both  e^vse  and  speed  and  with  a degree  of 
standardization  between  flights  not  obtainable  when  each  gondola  was  wired 
for  a particxilar  flight. 

Another  inportant  development  in  this  period  was  that  of  a small  gondola 
for  light  wei^t  flights.  These  gondolas  were  less  than  a quarter  of  the  volume 
of  our  standard  gondolas  and  therefore  could  be  used  only  for  the  basic  minimum 
of  flightj  control  and  telemetering  eqviipment.  Noescperimental  or  developmental 
apparatus  could  be  contained  in  them.  The  weight  of  these  gondolas  con^lete  is 
roughly  1/3  of  a similar  large  gondola. 

A third  development  worthy  of  mention  was  that  of  a pressure  operated  seq- 
uence ballast  dropper.  Three  different  techTiiques  of  electrically  keying  ballast 
drops  from  the  mechanical  motion  of  a bellows  were  used  before  a reliable,  easily 
set,  and  accurate  mechanism  was  found.  Aj,other  new  development  was  that  of  a 
recording  device  to  keep  a record  in  the  gondola  of  the  telemetered  signal  in 
case  the  radio  signal  was  lost  during  the  flight.  This  signal  was  recorded  on 
the  camera  films. 

A.  Flight  Control  Equipment 

1.  Safety  devices.  On  all  of  the  flights  Indicated  in  column  2 in  Figure  1 
blinker  beacons  were  flown.  The  remainder  of  the  flights  which  have  no  blinker 
beacon  indicated  were  shorter  than  one  day  and  were  both  launched  and  brought 
down  in  daylight.  The  type  of  blinker  beacon  used  for  the  most  part  during  this 
period  was  a commercially  made  flashing  truck  flare  made  by  the  Dayco  Company 
of  Dayton,  C^io.  This  conqiany  unfortunately  has  gone  out  of  business  and  while 
we  were  able  to  obtain  eight  of  their  flares,  over  a period  of  time  these  eight 
flares  were  lost  or  destroyed  in  flight  and  we  were  not  able  to  replace  them. 
These  flares  are  based  on  a mechanically  oscillating  mechanism  driven  by  an 
electromagnet  lighting  three  incandescent  bulbs.  The  current  drain  on  the 
self  contained  battery  was  very  low  and  this  flasher  has  been  checked  out  in 
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Sunusary  of  Equipment  Contained  in  Gondolas 
FUghte  21  - 55 
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Note:  All  flights  contained  in  addition  to  the  above,  Olland  Cycles,  Antenna 

droppers,  and  Radio  gear. 


Column  1 
n 2 

" 3 

" h 
" 5 

" 6 
« 7 

» 8-l6 


L s Large  5 ■ Small 

I = Incandescent  Q = Gaseous 

A = Low  Altitude  Release  T s Timers  V s Low  Voltage  Release 
C r Radio  Command  F s Film  Blowdown 

II  s Uo  D s Down  H = Horizontal  B = Balloon  Crown 

U s Up  camera  D = Down  camera  R ■ Photo  Recording  Ammeter 
S ■ Single  Bellows  D r Double  Bellows 
C r Radio  Conimand  p - pressure  operated 
X r Presence  of  indicated  apparatus 
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laboratory  to  operate  for  acre  than  one  week  at  temperatures  below  those  encoun- 
tered in  flight.  A number  of  thermally  operated  flashers  were  tested  in  the 
laboratory  but  none  of  them  would  operate  at  low  temperatures.  The  inclusion 
of  three  bulbs  in  this  particular  model  was  foimd  to  be  desirable  because  on 
several  flights  after  recovery  it  was  found  that  one  or  in  extreme  cases  two 
bulbs  had  been  burned  out  or  broken  during  flight.  On  the  latter  flights 
shown  in  the  table  in  Figure  1,  column  2 a simple  RC  circuit  operating  a 
gaseous  discharge  tube  at  300V  was  built  in  the  laboratory  and  used  as  a 
blinker  beacon.  This  flasher  had  a number  of  disadvantages  in  that  the 
cost  was  approximately  $lU.OO  per  flasher  not  including  the  labor  to  construct 
it,  their  light  intensity  was  not  as  great  as  that  of  the  incandescent  type, 
and  changing  of  the  battery  was  extremely  difficvilt,  because  the  mechanism 
was  potted  in  order  to  avoid  arc  over  at  high  altitudes.  Since  the  period 
covered  by  this  report  a mechanism  similar  to  that  used  in  the  Dayco  flasher 
has  been  constinicted  in  the  shop. 


I 


I 

1 ' 

I,. 
' i 
! 


2.  Blow  down  box.  The  blow  down  box  used  in  these  gondolas  is  shown  in 
Figure  2 and  the  wiring  diagram  is  given  in  Figure  3.  This  blowdown  box 
is  a multi-purpose  unit  which  contains  six  different  methods  for  acconplish- 
ing  flight  termination.  The  first  and  most  important  method  is  the  low- 
altitude  release  which  has  been  described  in  the  first  Progress  Report, 
(Section  V,  p 1,3,  Appendix  2 p 7-9,  Appendix  11,  BA  UlO-D).  No  changes 
in  this  mechanism  have  been  made  during  this  time.  A new  method  of  blow 
down  has  been  included  in  this  box  which  will  release  the  flight  when  the 
main  6v  batteries  in  the  gondola  have  reached  the  break  in  their  discharge 
curve.  Sir-ce  it  is  not  advisable  to  keep  a gondola  in  the  air  after  the 
equipment  in  it  no  longer  can  function  properly  this  circuit  was  included. 
The  basic  element  in  this  circuit  was  a surplus  ultra-sensitive  relay  found 
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in  the  stockroom  of  the  Physics  Department  and  irtiieh  bore  no  markings  as  to 
manufacturer  or  origin.  It  seems  that  this  relay  may  be  the  same  as  the 
Kurman  Electric  Co.  of  New  Torky  model  19CX)36y  but  as  yet  we  have  not  had 
an  opportunity  to  check  with  this  manufacturer.  On  several  flights  in 
the  series  this  relay  was  used  as  a timing  device  (column  Figure  1) 
by  the  inclusion  of  a resistor  in  the  6v  circuit  which  would  time  the 
discharge  of  the  battery  so  that  the  flight  could  be  terminated  by  the 
low  voltage  relay  at  a calculated  time. 

Another  input  to  this  box  allowed  blowdown  of  the  flight  by  three 
different  techxiiques.  A negative  key  from  radio  command,  timers  similar 
to  the  clock  timers  described  in  the  first  Progress  Report,  or  the  film 
blowdown  could  be  fed  directly  into  this  terminal  for  termination.  The 
sixth  method  of  blowdown  input  was  used  only  with  the  sequence  ballast 
dropper  flown  in  the  flight  constants  flights.  Without  undue  con?)lication 
the  circuitry  in  the  ballast  dropper  could  only  furnish  a positive  key. 

Another  featxure  of  this  blow  down  box  which  has  been  mentioned  in  the 
first  Progress  Report  (Section  V,  p 6)  was  a blowdown  warning  transmitted 
for  one  minute  before  the  flight  was  terminated.  This  delay  which  was  not 
wired  into  the  low  altitude  blowdown  was  originated  by  a temperature  cooq^ensated 
thermal  time  delay  relay  and  the  warning  signal  was  generated  by  a 3V 
Radiosonde  relay  made  by  Price  Electric  Conpany  in  an  RC  circuit.  This 
piLlsing  relay, when  the  blowdown  box  is  used  with  the  sequence  ballast 
dropper  in  a flight  constant  flight,  motors  the  sequence  ballast  stepper 
to  the  blowdown  position. 

3.  Ballast  droppers.  The  sequence  ballast  dropper  flown  in  the  flight 
constants  flights  is  shown  in  Figure  and  wiring  diagram  is  given  in 
Fig\u*e  5*  The  basic  element  of  this  ballast  dropper  is  a 2-bank  2U  Volt 
dc  telephone  stepping  relay  of  the  type  made  by  Automatic  Electric  Coopany. 
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Sec  VtlFigure  h.  Sequence  ballast  dropper  command  operated.  Right  and  left  views 
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Each  comaand  iiqpulse  transmitted  from  the  ground  by  the  receirer  control  steps 
this  relay  one  step  and,  immediately  pulses  Tdiatever  is  connected  to  that  step. 
The  second  bank  of  contacts  furnishes  a negative  key  through  the  coder  to  the 
transmitter  to  signal  uhich  step  the  relay  is  on.  This  signal  is  only  trans- 
mitted i#ien  the  receiver  picks  up  an  impulse  from  the  ground  transmitter. 

Since  it  was  found  on  flight  #35  that  an  intermittant  radio  signal  could  key 
the  ballast  stepper  several  steps,  an  anti-chatter  circxiit  was  Included  there- 
after, based  on  a time-delay  relay  of  the  thexnaally  con;)ensated  type  which  would 
prevent  the  stepping  relay  from  moving  more  than  one  step  at  a tims.  However, 
the  time  delay  relay  was  found  to  arc  on  make  and  break,  originating  its  own 
chatter,  and  therefore  a second  circuit  was  found  necessary  to  prevent  this. 

The  final  model  has  a 1 minute  delay  after  the  first  momentary  Ixpulse  and 
then  a second  delay  of  approximately  17  seconds  while  the  time  delay  relay 
cools  down  and  opens  the  circuit  for  furth^"  operation. 

An  early  cutdown  on  flight  #Ul  before  all  the  ballast  sacks  were  blown 
was  found  to  have  caused  a ripped  parachute,  therefore  in  addition  an  unloader 
circuit  was  included  to  blow  all  of  the  bsdlast  sacks  when  the  flight  termin- 
ation squibs  are  fired.  Uie  blow  down  warning  relay  in  the  blowdown  box  was 
wired  around  the  anti-chatter  circuit  and  used  as  a motor  to  step  the  telephone 
relay  around  to  blowdown  position.  Since  voltage  is  left  on  the  termination 
squibbs  after  blowdown  the  stepping  relay  must  be  stopped  to  prevent  obscuring 
the  altitude  signal  and  this  is  accon;>li8hed  by  shorting  out  the  step  beyond 
blowdown.  T)iia  unloading  process  takes  less  than  one  second  and  the  ballast 
sacks  are  all  blown  before  the  parachute  can  open.  Ibis  method  of  blowdown 
works  for  all  techniques  of  flight  termination  iiicsluding  low-altitude  release. 

The  flight  termination  warning  circuit  ln/1^  blowdown  box  is  not  used  on 

- ; 

flight  constants  flights  to  send  termination  warning;  instead  this  warning 
originates  in  the  signal  coder  when  it  is  keyed  by  the  blowdown  box. 
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A pressure  operated  sequence  ballast  dropper  developed  during  this  period 
is  ^oim  in  Figure  6 and  the  wiring  diagram  and  shop  construction  diagrams  are 
shown  in  Figures  7 and  8.  This  type  of  ballast  dropper  uses  a Fries  Radiosonde 
Linear  Bellows  Movement  type  515307-2  with  a special  lucite  plate  and  contact 
assembly  substituted  for  the  printed  scale.  In  action  the  bellows  arm  moves 
along  a bar  until  it  drops  off  the  end  at  high  altitude  onto  the  lucite  plate. 

On  any  subsequent  loss  of  altitude  the  arm  stoves  down  the  scale  and  touches 
the  first  contact  firing  a ballast  squib.  If  descent  continues  the  arm  then 
touches  the  second  ballast  contact  and  that  ballast  pa^jkage  is  fired  also. 

Fuses  were  included  in  this  circuit  because  two  flights  were  recovered  with 
the  insulation  melted  from  the  squib  leads  due  to  a short  circuit  after  the 
ballast  package  squibs  had  been  fired.  This  ballast  dropper  is  very  similar 
to  that  used  by  General  Mills,  Inc.  for  balloon  control. 

The  ballast  used  for  packaged  drops  is  magnetic  steel  shot,  Amasteel  #330. 
This  was  used  mainly  because  of  its  weight  and  because  of  its  pouring  qxialities. 
Tv,e  shot  was  weighed  and  poured  into  canvas  sacks  10"  in  diameter  and  10"  high 
which  had  a 1000  pound  nylon  drawstring  top  closure  ihich  could  be  tied  directly 
to  the  gondola.  A two  grain  sqvilb  was  taped  to  Ihe  center  of  the  bottom  of 
the  sack  and  when  fired  blew  the  bottom  off.  However,  flight  #5l  was  recovered 
with  2 pounds  of  ballast  still  in  one  corner  of  a bag  and  for  this  reason  the 


shai>e  of  the  bottom  has  been  changed  so  that  it  now  is  a flattened  cone  shape 


with  the  squib  inside  at  the  a^eji.  of  the  cone.  This  allONS  a fuunel  shcq^e  at  the 


bottom  of  the  sack  and  assures  us  of  complete  em#ylng  of  all  ballast.  The  bags 
have  a capacity  of  1|0  pounds  of  shot. 

Flights  #22,  #25»  and  #29  contained  a ballast  tank  similar  to  that  desc- 


ribed In  the  First  Report  of  this  project  (Section  V p 5) . There  were  no  changes 
in  the  construction  of  the  tank  during  this  period  but  an  ioproved  magnetic 
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valve  (Figure  9)  was  designed  for  use  with  it.  T^iis  valve  uses  the  rotor  magnet 
from  a Brailsford  motor  to  hold  the  steel  shot  in  a magnetic  gap  in  the  tube,  A 
coil  is  placed  around  the  tube  itself  which,  when  energized,  bucks  the  magnetic 
field  of  the  permanent  magnet  and  allows  the  shot  to  fall  free.  Average  delivery 
rate  is  1 kilogram  per  minute.  The  use  of  a magnetic  valve  with  steel  shot  was 
suggested  by  the  MOBY  DICK  Project. 

U.  Balloon  valve.  The  balloon  valve  used  in  these  flights  was  a plate  valve 
operated  by  a reversible  27V  dc  motor  andpowered  by  three  wires  taped  along  one 
of  the  balloon  gores  from  the  gondola.  This  motor  is  relatively  slow,  rotating 
at  270  rpm  and  it  opens  the  plate  to  a distance  of  1 diameter.  The  outside  of 
the  valve  is  covered  with  foam  rubber  to  protect  the  balloon  and  through  this 
foam  rubber  portholes  are  cut  to  equal  the  cross-sectional  area  of  the  valve. 

This  valve  was  first  developed  in  a U"  size  which  was  flown  in  flights  #29>  #31, 
and  #32.  However,  this  size  was  found  to  valve  too  slowly  for  the  desired 
results  and  a larger  valve  was  built  with  a 9"  opening  which  was  flown  on 
flights  #35,  #38,  #la,  #51  and  #5U. 

During  flight  #35  it  was  discovereO  that  the  valve  oscillated  but  did  not 
open  when  radio  command  wae  attempted.  This  was  traced  to  RF  noise  from  the 
motor  present  in  the  control  wires,  paralleling  the  receiver  antenna  up  the 
side  of  the  balloon,  blocking  the  receiver.  Therefore  the  motor  circuit  was 
carefully  grounded  in  the  gondola,  a special  pi  filter  was  Installed  across 
the  motor  and  the  valve  circuit  was  altered  so  that  once  the  valve  was 
commanded  it  opened  to  its  fullest  extent  and  \mless  command  was  continued 
at  that  time,  it  closed  automatically  This  relieved  the  command  receiver 
of  the  necessity  of  overriding  any  RF  noise.  On  later  flights  this  was 
discontinued  because  the  grounding  and  filtering  removed  the  noise  con^jlete- 
ly.  A bellows  operated  pressure  switch  was  also  installed  which  automatically 

opened  the  valve  at  a preset  altitude  in  case  radio  command  failed,  but  after 
the  development  of  the  duct  appendix,  the  practice  of  tying  off  the  balloon 
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no  longer  required  this  safety  feature* 

This  large  valve  weighs  seven  pounds  complete  and  the  time  to  open  it  to 
its  fullest  extent  is  one  minute.  A picture  of  the  large  valve  without  its 
covers  is  shown  in  Figure  10  and  the  wiring  diagram  for  the  same  valve  is 
shown  In  Figure  11.  Shqp  drawings  are  unavailable  At  this  time. 

5*  Distribution  box.  The  distribution  box  used  in  the  flight  constants  flights 
is  shown  in  Figure  12.  The  box  wiring  diagram  is  given  in  Figure  13*  l57  term- 

inals are  connected  to  seven  5-pin  connectors,  one  7-pin  connector,  one  10-pin 
connector  axi  three  lli-pin  connectors.  Two  special  shorting  plugs  used  to  start 
the  equipment  before  fli^t  are  included  and  one  l8-pin  test  plug  for  checking 
battery  conditions,  operating  equipment  and  testing  keying  circuits.  Power 
input  is  through  a permanently  connected  cable.  Figure  lU  is  included  to  show 
a typical  jumper  circuit  diagram  for  flight  #$1  and  Figure  l5  is  the  test  unit 
used  to  check  the  circuits  through  the  distribution  box. 

B.  Flight  Recording  Equipment 

1.  Cameras.  There  have  been  very  few  major  changes  in  the  basic  construction 
of  the  cameras  since  the  last  report.  A minor  change  has  been  made  in  the  design 
of  the  cam  drive  which  triggers  the  shutter  resulting  in  more  positive  action  of 
this  portion  of  the  camera  mechanism  and  all  cameras  now  are  driven  by  Brallsford 
motors,  either  1 rpm  or  1/5  rpm  depending  upon  the  length  of  flight.  Because  the 
film  capacity  of  the  camera  is  not  nnre  than  50  feet,  a 1 rpm  motor  will  allow 
ten  hours  of  operation  and  a l/5  rpm  motor  will  allow  50  hours  of  operation.  A 
picture  of  a down-camera  open  is  shown  in  Figure  l6  aixl  a current  wiring  diagram 
for  all  cameras  is  shown  in  Figure  17. 

A telemetering  recorder  has  been  developed  and  used  on  all  recent  flights. 
This  recorder  duplicates  on  film  the  signal  sent  over  the  radio  transmitter 
thereby  keeping  a record  of  all  the  information  Tdiich  might  be  lost  in  case  the 
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radio  signal  was  not  readable.  A master  relay  installed  in  the  OUand  Cycle 
keys  13^V  to  £.  neon  lamp  installed  in  each  camera  in  the  gondola  whenever  the 
transmitter  relay  is  keyed.  Small  NE-2  neon  bvilbs  installed  in  each  camera 
put  a small  dot  of  light  on  the  film  near  the  edge  of  the  picture  area  through 
a hole  approximately  l/lOOO  of  an  inch  in  diameter.  In  making  the  l&mp  shield 
it  was  found  that  the  smallest  hole  that  could  be  manufactured  was  desirable 
for  the  light  aperture  in  order  to  prevent  halation  and  light  spread  on  the 
film  itself.  Even  with  a l/lCXX)  hole  reading  the  trace  from  a film  driven  at 
1/5  rpm  is  very  difficult  and  a 1 rpm  film  drive  proves  much  more  desirable. 
Irregularities  in  film  drive  due  to  the  film  moving  in  small  jerks  instead  of 
sliding  freely  are  more  and  more  apparent  at  a slow  speed  and  the  very  close 
spacing  of  the  light  spots  adds  to  the  difficulties  of  reading. 

Another  innovation  was  co^^)leted  for  flight  ffSS,  a blow  down  timer  relying 
upon  the  amount  of  film  in  the  camera.  A polished  button  riding  on  the  back  of 
the  film  releases  a micro-switch  mounted  on  the  back  of  the  camera  when  the  end 
of  the  film  passes  through  the  film  drive  and  this  micro-switch  terminates  the 
flight  through  the  blow  down  box.  In  order  to  prevent  pressure  sensitization  of 
the  film  emulsion  and  scratching  of  the  surface  of  the  film,  a highly  polished 
button  is  necessary  with  extremely  light  pressure  extending  over  as  large  an 
area  as  possible. 

TWO  special  cameras  have  been  used  during  this  period,  one  of  them  a 
camera  mounted  so  as  to  take  a picture  of  the  horizon  in  order  to  find  the 
amount  of  spin  that  the  gondola  has  at  altitude.  This  was  an  ordinary  up- 
camera  unit  mounted  in  a horizontal  position.  The  other  special  camera  was 
a conroletely  self-contained  vmit  mounted  ’.n  the  top  of  the  balloon  intended 
to  take  pictures  of  the  inside  of  the  balloon.  Thll  crown  mount  contained 
separate  batteries  and  a bellows  actuated  micro-0Vltch  to  start  the  camera. 
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The  eultch  was  ordinarily  set  for  3000  feet  altitude.  T^ls  mount  had  to  be 
carefully  protected  so  that  it  would  not  damage  the  balloon  material  and  also 
protected  against  the  possibility  of  its  freezing.  Four  of  these  cameras  have 
been  fxurnished  during  this  period  to  the  Naval  Research  Laboratory  Transosonic 
Project,  ONR  81200,  in  an  atteitpt  to  trace  balloon  trajectories  but  they  have 
not  worked  as  well  as  down  cameras  as  in  their  originally  intended  application. 
The  failure  seems  to  be  in  the  insulation  surrounding  the  cameras  because  there 
is  evidence  that  the  batteries  dropped  to  such  a low  temperature  that  they  no 
longer  put  out  enoxigh  voltage  to  maintain  the  cameras  in  operation.  Shop 
drawings  of  the  Crown  Mount  are  shown  in  Figures  l8-a  and  l8-b. 

2.  Baro-thermograph . A barothermograph  has  been  flown  on  a number  of  flights 
as  indicated  in  column  6,  Figure  1,  but  after  the  development  of  the  film  tele- 
metering recorder  it  was  thought  no  longer  necessary  to  fly  this  duplicate 
recorder.  The  single  bellows  barograph  was  essentially  the  same  as  that  includ- 
ed in  the  first  Progress  Report  but  the  double-bellows  barograph  was  an  improve- 
ment containing  a high  altitude  bellows  made  by  the  Kollsman  Cotipany  (SK  901-901 
which  had  the  same  scale  deflection  between  60  and  10  mb  the  Bendix-Friez 
Radiosonde  Movement  had  frcm  1000  to  10  mb.  These  Kollsman  bellows  are,  unfort- 
\inately,  qtiite  eaqjensive  and  also  in  o\ur  eaqjerience  unobtainable  from  the  factory 
because  of  long  delivery  time  and  reluctance  of  the  manufacturer  to  take  orders. 
Just  after  the  decision  was  made  not  to  fly  barothermograph s a new  design  was 
conpleted  by  the  shop  and  a picture  of  it  is  shown  in  Figxire  19.  This  barother- 
mograph has  both  barograph  bellows  and  a thermograph  element.  It  also  has 
provision  for  a fourth  smoked  disc  to  record  other  iiif ormation.  This  model  has 
a built-in  marker  to  put  known  pips  on  each  smoked  disc  and  the  clockwork  mech- 
anism is  couple tely  enclosed  with  a layer  of  kerosene  soaked  felt  inside  the 
enclosure  to  preserve  a lubricating  atmosphere  around  the  clockwork  mechanism. 

The  weight  is  3<  pounds. 
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2.  Signal  coder.  The  signal  coder  used  in  the  flight  constants  flights  is  shown 
in  Figure  20  and  a wiring  diagram  for  it  is  given  in  Figure  21.  Unfortunately 
there  is  no  shop  drawing  available  at  this  time.  Tbe  basic  unit  is  a 1 rp* 
Brailsford  motor  driving  an  insulated  rotor  with  brass  pins  pressed  into  the 
surface  to  contact  a common  sleeve  within  the  insulation.  Voltage  applied  by 
the  unit  originating  a signal  is  coded  by  the  spacing  of  the  pins  and  the 
intejrrupted  voltage  on  the  common  sleeve  keys  the  transmitter  relay.  Filter 
chokes  have  been  installed  across  all  of  the  contact  points  for  reduction  of 
sparking  and  RF  noise.  There  is  also  a choke  on  the  Brailsford  motor  as 
there  is  on  all  motors  installed  in  flight  constants  flights.  The  3V  DC 
relay  shown  is  a special  relay  to  allow  differentiation  of  the  valving 
signal  so  that  both  opening  and  closing  of  the  valve  can  be  coded  separately. 

3*  Olland  Cycle.  The  Olland  Cycle  is  discussed  in  detail  in  another  part  of 
this  section. 

U.  Ballast  level  transmitter  and  recorder.  The  ballast  level  transmitter 
shown  in  Figures  22,  and  23-a  and  23-b  is  a new  model  developed  since  the 
last  ballast  tank  flight  and  as  yet  not  flown.  Basically  it  is  an  improve- 
ment on  the  previous  type  of  transmitter  mentioned  in  the  first  report 
(Section  V p 5) . The  phase  angle  of  a reference  point  and  a point  varying 
with  the  extension  of  a spring  si^porting  the  ballast  tank  is  transmitted 
as  an  index  of  the  amount  of  ball.-ist  left  in  the  tank,  Tfeis  information 
is  repeeted  once  every  minute  by  a Brailsford  motor  rotating  the  phase 
angle  discsc 

The  ballast  level  recorder  flown  on  these  flights  was  the  same  as  that 
used  before  flight  #21.  It  was  a simple  lever  linkage  to  record  the  amount 
of  spring  extenelon  on  a smoked  disc  driven  by  the  baro thermograph  motor. 
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I 5*  Antenna  dropper.  The  antenna  dropper  is  essentially  the  same  design  that 

j t ^ iras  discussed  in  the  first  Progress  Report  (Section  V p.7  and  Appendix  2 p.2). 

t 

* There  have  bsen  two  minor  changes  dxiring  this  period;  one  is  the  enclosure  of 

the  antenna  dropper  in  a plywood  box  in  order  to  cut  down  heat  transfer  through 
the  aluminum  can  in  which  it  was  originally  contained  in  oilier  to  maintain 
higher  operating  temperatures  for  batteries  and  equipment  in  the  goxxiola.  The 
f other  change  has  been  a slight  shortening  in  the  length  of  the  dropper  itself 

to  better  contain  it  in  the  small  gondola.  Because  of  two  dropper  failures,  it 
has  been  found  necessary  to  specify  that  no  acid  flux  be  used  to  solder  the 
brass  sylphons  since  the  acid  crystalizes  the  brass  in  time  causing  the  sylphon 
to  leak.  The  present  model  of  the  antenna  dropper  is  shown  in  Figure  2k  and 
shop  drawings  are  shown  in  Figures  25-a  and  25-b. 


C.  Special  Instrumentation 

1.  Transmitter-Cycler.  The  transmitter  cycler  shown  in  Figure  1 as  having 
been  flown  on  flight  #2?  was  a Brailsford  motor  with  a cam  so  cut  as  to  turn 
the  transmitter  on  and  off  in  order  to  reduce  the  duty  cycle  of  the  transmitter. 
This  cylcer  has  not  been  used  since  and  was  included  in  this  flight  to  reduce 
the  high  battery  drain  of  the  transmitter. 

2.  Photo-recording  ammeter,  in  an  attempt  to  discover  the  ratio  of  interference 

I to  our  own  radio  command  signal  in  the  vicinity  of  6k20  kc  a recording  aunmeter 

was  flown  on  flight  #U8  which  recorded  the  amount  of  AVC  control  used  in  the 
r nmmanH  i*6C6iY©x**  IJlis  instru!!!6nt.*  ifSLS  £ stEndfipd  c&si62*£  iiith  i"t^  shuttsi* 
fixed  open  and  a lens  tube  extension  of  sufficient  length  to  allow  the  lens 
to  be  focused  on  the  face  of  a Sio^son  ndlliammeter.  A mask  containing  a 
narrow  slit  was  placed  over  the  face  of  the  meter  and  the  needle  was  illum- 
inated, showing  through  the  mask  as  a small  spot  of  light.  Since  the  move- 
nent  of  the  meter  was  perpindicular  to  the  direction  of  film  travel,  the 
illuminated  spot  of  light  traced  a plot  of  meter  deflection  vs.  time.  Sig- 
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Figure  2li.  Antenna  dropper  and  box 
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niflcant  results  were  unobtainable  from  this  flight  because  of  balloon  failure 
and  a similar  attempt  has  not  been  made  since.  A picture  of  the  \init  is  shown 
in  Figure  26  and  a wiring  diagram  is  given  in  Figure  27« 

3.  Thermister  photo  recorder.  Flight  #1*6  was  a test  flight  for  an  instrument 
being  developed  by  the  project  to  measure  teriqjeratures  and  radiation  in  the 
balloon  and  in  the  air  outside  of  the  gondola.  This  particular  instrument 
shown  in  Figure  28  was  only  an  atteinpt  to  test  the  basic  design  and  was  not 
intended  for  further  flight.  Since  flight  #U6  a multi-channel  instrument 
based  on  the  same  design  has  been  conpleted  and  flights  are  now  being  made 
with  it.  It  will  be  discussed  at  greater  length  in  the  next  progress  report 
when  more  con^jlete  results  are  available. 

U.  Strobe  flasher.  The  flights  #35  and  #U9  contained  a special  unit  intended 
to  illuminate  the  balloon  after  sunset  in  order  to  tadce  pictures  of  descent. 

This  was  a standard  photographic  strobe  flash  unit  (Figure  29)  made  and  modified 
the  electronics  section  and  was  a modification  of  the  flasher  flown  on  flight 
#11.  It  had  become  apparent  that  the  U50  volts  used  in  the  flasher  were  arcing 
over  even  at  ground  elevation  in  spite  of  high  voltage  insulation  and  a pres- 
surized container  which  was  designed  to  prevent  this.  The  unit  is  now  contained  in 
a 1 foot  diameter  sphere  with  the  discharge  tube  located  at  the  top  of  the  sphere 
and  protected  by  a plastic  cover.  Unfortunately  results  with  this  instrument 
were  inconclusive  because  of  early  flight  termination  on  the  single  atteapted 
flight  using  it. 

5.  Cosmic  ray  plates.  As  indicated  in  column  I6  of  Figure  1 a large  number  of 
gondolas  contained  cosmic  ray  plates.  Tv.ese  plates  were  not  a part  of  the  equip- 
ment of  this  project  but  were  for  the  most  part  hitch-hike  loads  of  small  weight 
flown  for  the  convenience  of  the  cosmic  ray  project  at  this  university.  In  some 
cases  the  cosmic  ray  plates  were  contained  in  30  pound  lead  or  paraffin  blocks 

which  were  used  as  ballast  packages  to  be  dropped  on  separate  parachutes  l?y 
command  or  pressure  operated  ballast  droppers. 
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Sec  VII  Figure  28.  Thermistor  photo  recorder 
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D.  Miscellaneous  Apparatus 

!•  Gondolas.  The  standard  gondola  used  during  this  period  is  identical  Kith  \ j 

that  reported  in  the  first  Project  Report  (Section  p.  !)•  The  small  gondolas 
which  have  been  developed  during  this  period  are  shown  in  Figvires  30-a  and  30-b. 

These  gondolas  could  contain  only  the  standaz*d  eqTilpment  used  on  our  flights  if 
very  closely  packed  with  no  special  instrumentation.  A U"  styrofoam  box  encloses 
these  gondolas  to  insulate  them  and  a bright  red  canvas  case  is  used  to  cover 
the  outside  of  the  styrofoam  box.  Though  of  very  light  construction,  these 
frames  have  been  found  to  withstand  landing  Impact  proportionately  better  than 
the  large  frames.  The  only  portion  of  the  gondolas  seriously  damaged  has  been 
the  load  supporting  U bolt  at  the  top  which  in  one  or  two  cases  has  been  badly 
bent  by  the  parachute  opening  shock. 

2.  Motors.  This  project  now  uses  only  Erailsford  motors  in  its  eq\iipment  and 
we  have  had  very  few  failures  attributable  to  them.  In  two  cases  it  was  found 
that  there  was  a weak  gear  in  the  train  of  these  motors  and  now  all  motors  are 
disassembled  before  installation  and  this  gear,  the  next  one  to  the  output 
shaft,  is  soldered  to  prevent  the  spline  from  shifting  on  the  wheel.  It  has 
also  been  found  necessary  to  file  a flat  on  the  output  shaft  in  order  to 
properly  connect  the  motor  to  mechanisms  requiring  any  amount  of  torque.  As 
long  as  the  battery  voltage  is  maintained  properly  during  flight  these  motors 
have  not  failed.  All  motors  flown  in  flight  constants  gondolas  have  pi  filters 
to  reduce  radio  interference. 

3*  Batteries.  No  change  has  been  found  necessary  in  the  basic  powering  of  our 

gondolas  during  this  period.  The  main  flight  power  source  are  Willard  ERl^O 

batteries  or  when  the  calculated  expected  battery  drain  is  low  Willard  ER12 

l>atterie8  have  been  used.  It  has  been  found  that  with  proper  cycling  and 

charging  wet  cell  batteries  can  be  used  several  times  reliably.  Dry  cells  ^ 

either  Iveryready  or  Burgess  are  used  now  exclusively  for  furnishing  voltages 
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higher  than  the  6V  supplied  hy  the  wet  cells.  We  have  found  that  voltages 
higher  than  270  V are  very  apt  to  arc  and  therefore  this  upper  limit  has  been 
set  on  the  voltage  systems  in  the  gondola  \inless  pressvirizing  is  used, 
li.  Wire.  During  the  period  covered  by  the  first  report  Vinyl  insulated  wire 
was  used  throughout* the  gondola  because  of  its  cost,  size,  and  good  dielectric 
qualities.  However,  it  has  been  discovered  that  the  Vinyl  Insulation  breaks 
down  both  mechanically  and  electrically  at  low  ten^jeratures  and  for  that 
reason  all  wiring  now  is  glass  insulated  made  by  Alpha  Wire  Corporation,  New 
York.  This  wire  has  the  added  advantages  of  being  easy  to  solder  without 
burning  the  insulation,  it  has  better  dielectric  properties  and  it  also  does 
not  fray  as  cotton  covered  wire  does. 

E.  Flight  Operations 

1.  Checkout.  The  instrumentation  section  has  found  it  advisable  to  have 
someone  familar  with  the  particular  gondola  being  flown  present  at  every 
launch.  IVis  is  necessary  because  the  con^ilexities  of  each  gondola  are 
different  and  only  a person  familir  with  them  can  reliably  check  the 
operation  of  all  the  units  at  launching  time.  In  cases  of  flight  constants 
flights  operation  of  the  valve  before  the  balloon  is  inflated  as  well  as 
radio  command  keying  of  every  operation  in  the  gondola  is  necessary.  It 
has  been  found  that  extreme  care  must  be  taken  with  circuits  to  which 
squibbs  are  connected  since  on  several  occasions  squibbs  have  been  fired  at 
launch  time  when  they  were  accidentally  grounded  while  being  connected  or  by 
such  obscure  causes  as  the  heat  of  the  sun  firing  an  unconpensated  thermal- 
delay  relay  within  the  gondola.  In  one  case  a bystander  was  hit  by  the  metal 
cutter  from  a squibb  cannon  at  launching  time,  and  as  a result  the  Squibb 
cannonswere  redesigned  to  prevent  the  cutters  from  escapiiig  from  the  cannon. 

In  addition,  all  squibbs  are  kept  at  gro\ind  potential  and  only  compensated 
thermal  delay  relays  are  used.  The  only  danger  at  present  from  the  accidental 


Confidential  Security  Information 


Page  VII-257 


Confidential 


firing  of  a Squibb  is  the  possible  blast  burn,  or  in  the  case  of  a ballast 
package,  the  flying  shot  which  might  penetrate  clothing. 

2.  Tracking.  On  days  when  it  is  possible  to  keep  visual  contact  with  the 
balloon  the  instrumentation  section  has  been  asked  to  furnish  a theodolite 
operator  to  aid  in  the  mapping  of  the  balloon  trajectory.  A permanent 
installation  at  the  University  of  Minnesota  Airport  and  a series  of  portable 
theodolite  stations  are  used  and  the  theodolite  crews  have  been  thoroughly 
instructed  in  the  process  of  zeroing  in  a theodolite  for  accurate  position 
location.  A great  need  for  a theodolite  operator  has  been  fulfilled  in  the 
development  of  a battery  operated  portable  WWV  receiver  to  give  correct 
time  intervals  for  theodolite  readings.  The  audio-tone  of  WAT  with  its 
one  minute  warning  has  been  found  to  have  great  advantages  over  any  other  system 
of  timing.  On  several  flights  double  theodolite  readings  have  been  taken  in  order 
to  check  the  various  methods  of  flight  tracking  for  accxiracy,  and  if  the  stations 
are  properly  located,  and  accurate  time  is  used  this  appears  to  be  the  most  accur- 
ate method  of  position  plotting  yet  attempted  by  the  project. 


F.  Recovery 

The  percentage  of  flights  recovered  has  dropped  towards  the  end  of  the 
period  covered  by  this  report  because,  we  believe,  of  the  winter  conditions 
which  prevent  people  from  discovering  our  equipment  as  it  comes  down.  At 
the  present  writing  flights  #28,  #U3,  #52,  and  #55  have  been  unrecovered. 


Only  the  gondola  is  missing  from  flight  #28,  the  balloon  having  been  reported 
in  and  the  approximate  location  of  the  gondola  from  flight  #U3  is  known  but  it 

has  not  been  recovered. 

The  recovery  system  used  by  this  project  is,  on  special  occasions,  to 
have  plane  tracking  but  principle  reliance  is  placed  upon  recovery  by  persons 
in  the  vicinity  of  the  inpact  point.  Metal  reward  tags  attached  to  all  of  the 
apparatus  flown  by  the  project  are  depended  upon  to  Inspire  the  finder  to 
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contact  us.  In  order  to  have  con5)lete  recovery  we  have  found  it  necessary  to 
have  a special  telephone  system  set  up  so  that  recovery  calls  can  be  received  at 
any  time  of  the  day  or  night  since  a great  number  of  recovery  calls  come  in  off- 
work  hours,  A reward  consisting  of  between  $5*00  and  $15,00  is  paid  for  recovery 
of  apparatus.  Coa5)lete  recovery  notes  are  taken  at  the  impact  point  if  possible 
by  the  recovery  crews.  This  information  has  been  found  extremely  valuable  in 
telling  what  conditions  the  flights  came  down  and  often  times  has  helped  to 
determine  whether  there  was  a basic  equipment  failure  or  whether  certain 
observed  conditions  were  due  to  ground  i-npact.  A complete  autopsy  is  done 
on  every  gondola  returned  to  the  laboratory  with  detailed  notes  being  taken 
on  the  condition  and,  if  possible,  operation  of  every  piece  of  gear.  This 
has  helped  in  a number  of  cases  to  prevent  faulty  equipment  or  equipment 
faulty  in  design  from  being  flown  again.  We  have  had  vandalism  of  our 
equipment  on  very  few  occasions. 
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THE  OLUND  CYCLE  METHOD  OF  PRESSURf:  RECORDING 

A*  Introduction  and  Pxd.nclple  of  Operation 
The  Olland  Cycle  is  basically  a method  of  locating  the  position  of  a pen 

arm  with  a very  high  degree  of  accuracy  by  using  a VOrnier  principle.  The 

instrument  was  suggested  to  this  project  by  the  New  York  University  Constauit 

Level  Balloon  Project  where  it  was  used  in  a more  elementary  way  and  apparently 

originated  with  Olland  of  Utrect,  Holland,  as  a hydrographic  device  to  record 

the  flow  of  water  associated  with  the  dikes.  The  instrument  when  used  for  the 

measurement  of  atmospheric  pressure  utilizes  a bellows  and  contact  arm  assembly 

usually  of  the  type  used  in  weather  bva:eau  instruments.  The  Olland  Cycle  drum 

is  substituted  for  the  commutator  to  measure  the  precise  position  of  the  contact 

arm.  It  consists  of  a ^indle  of  Insulating  material  with  a spiral  metal  contact 

which  is  wound  around  the  arm  and  is  carefully  made  flush  with  the  surface  of  the 

cylinder.  This  cylinder  is  rotated  by  a small  motor  at  constant  speed  of  about 

1 rpm  and  as  the  contact  arm  fix>m  the  bellows  touches  the  spiral  a relay  is  closed 

and  a signal  is  transmitted  over  the  telemetering  system.  Contact  is  also  made 

by  fixed  contact  at  one  end  of  the  spiral  so  that  the  position  of  the  movable 

contact  arm  can  be  determined  by  the  phase  angle  between  the  time  of  contact  of 

the  fixed  reference  and  the  time  of  contact  of  the  movable  arm  consideidng  the 

time  between  two  successive  reference  contacts  as  being  equal  to  360°.  The 

instrument  as  originally  used  by  the  NYU  Project  had  a single  spiral  of  about 

10  turns.  This  introduces  an  ambiguity  in  that  from  the  phase  angle  one  knows 

only  how  far  between  turns  of  the  screw  the  pen  is  located  and  one  does  not  know 

which  turn  of  the  spiral  is  referred  to.  A major  inprovement  was  made  during  the 

work  of  this  contract  by  introducing  a one  turn  helix  which  is  placed  right  over 

the  10  turn  helix.  The  movable  arm  therefore  makes  contact  with  both  the  one  turn 

and  the  10  turn  helix  and  as  it  moves  across  the  scale  the  phase  argile  of  the  one 

turn  helix  changes  360°  and  serves  unambiguously  to  locate  which  of  the  10  tunia 
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the  contact  pen  is  located  between.  The  instrument  has  been  improved  consid- 
derably  by  eliminating  the  second  contact  which  noraally  serves  as  a reference 
and  introducing  instead  one  or  two  strai^t  contact  bars  parallel  to  the  axis 
of  the  cylinder  and  having  a small  width  like  that  of  the  spiral  Itself.  These 
provide  a fixed  reference  contact  which  is  made  by  the  movable  pen  itself  and 
so  there  can  be  no  relative  phase  displacement  between  a movable  pen  and  any 
fixed  reference  pen  due  to  changes  in  the  mounting  of  the  instrument  or  perhaps 
shifting  of  the  drum.  Most  of  the  flights  have  used  a type  of  construction  in 
which  the  contacts  were  made  on  the  spiral  which  was  a small  metal  bar  wrapped 
around  a brass  core  and  projecting  above  its  surface.  The  spaces  in  between 
were  then  coated  with  a plastic  material  which  was  then  polymerized  and  the 
vhole  surface  was  ground  off  perfectly  smooth  so  that  the  pen  would  ride  smooth- 
ly over  the  contact  spiral  from  the  insulating  material. 

To  sinplify  the  construction  of  the  instrument  this  process  was  reversed  and 
grooves  were  cut  into  a brass  cylinder  using  ordinary  lathe  techniq^le8  where  the 
spirals  were  desired  to  be  placed.  The  grooves  were  then  filled  with  plastic 
which  was  polymerized  and  the  whole  cylinder  was  turned  off  and  polished  as 
smoothly  as  possible.  This  means  that  contact  is  normally  made  on  the  drum 
but  is  broken  when  the  pen  arm  passes  over  the  spiral  and  the  relay  is  opened, 
and  makes  contact  keying  the  transmitter.  The  Olland  Cycle  as  used  on  the 
first  20  flights  was 'briefly  discussed  in  the  first  Progress  Report  (Volume  I, 
p.  5-U). 
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B.  Method  of  Manufacture 

The  original  method  of  manufacturing  the  rotor  was  to  turn  an  11  turn 
helix  on  a brass  drum,  then  cut  throuigh  this  helix  for  the  one  turn  helix 
and  silver  solder  a wire  of  the  proper  diameter  into  the  gaps  cut  in  the 
11  turn  helix  and  to  the  surface  of  the  drum.  The  ii^iole  drum  was  sent  out 
of  the  Physics  Department  shops  to  the  Wolkerstoffer  Conpany,  Minneapolis, 
to  have  a hard  surface  plastic,  Heresite,  sprayed  and  baked  to  the  surface. 
The  rotor  then  was  ground  at  high  speed  to  uncover  the  helices  and  to  polish 
the  surface.  It  was  cleaned  very  carefully  to  remove  any  traces  of  grinding 
coolant  and  grease  and  then  given  a very  light  silver  plate  to  in^jrove  the 
conducting  surfaces.  A drawing  of  the  rotor  surface  vinwrapped  is  shown  in 
Figure  31. 

A 1 rpm  Brailsford  motor  was  used  to  drive  the  rotor  and  a Bendix  Freiz 
Radiosonde  Bellows  Movement,  type  51537-2  was  used  as  the  pressure  measuring 
element.  Ihe  reference  arm,  taken  from  a radiosonde  movement,  was  mounted  so 
that  it  contacted  only  the  end  of  the  fast  (one  turn)  helix.  Shop  drawings 
for  this  instrument  are  shown  in  the  first  Progress  Report,  Volume  II,  i^pen- 
dix  XI,  Drawing  BAU21-D. 

During  the  period  covered  by  this  report  a new  Ollauid  Cycle  has  been 
designed,  and  though  it  was  not  flown  on  any  of  these  flights,  the  improved 
features  will  be  discussed  here. 

Silver  soldering  the  fast  helix  onto  the  surface  of  the  rotor  was  a 
process  that  was  both  difficult  and  also  resulted  in  a number  of  rejects 
because  of  small  accumulations  of  solder  in  the  angles  formed  at  the  inter- 
section of  the  helixes.  In  addition,  the  grinding  process  was  found  to 
resvilt  in  rough  edges  along  the  helixes  because  of  the  tearing  action  of 
the  wheel,  and  because  the  hot  particles  of  metal  torn  out  of  the  helixes 
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become  imbedded  in  the  plastic* 

A new  method  of  construction  was  decided  upon  where  the  helixes  would  be 
turned  into  the  surface  of  the  drumij  a much  simpler  process,  and  the  helix  woiild 
then  be  filled  by  an  insulating  material.  A plastic  Araldite  101  and  Hardener 
951  which  could  be  applied  in  the  shop  was  obtained  from  the  Ciba  Con;>any,  New 
York  thus  reducing  the  necessity  of  sending  the  rotors  out.  Smoothing  the 
surface  consisted  of  removing  the  excess  plastic  with  a very  high  turning 
speed  and  slow  tool  feed  and  a sharp  tool.  The  metal  was  barely  touched  on 
the  last  cut,  keeping  to  a minimum  the  amount  of  metal  removed  and  the  rough 
edges.  Ihe  rotor  was  polished  with  rouge  applied  on  wet  fingers. 

Since  it  had  become  apparent  that  frequent  polishing  and  occasional 
replacement  of  the  rotor  or  motor  was  necessary  as  a part  of  the  between- 
f light  servicing  of  the  cycle,  a mandrel  mo\mting  and  a rigid  bracket  from 
which  the  rotor  could  be  easily  removed  was  designed  with  a gear  link  to  the 
motor.  This  gear  link  also  allowed  one  to  change  the  speed  of  rotation  easily 
by  changing  the  gears.  Pictures  and  shop  drawings  of  this  new  cycle  are  shown 
in  Figures  32  and  33^»  h,  and  c.  a wiring  diagram  of  this  cycle  is  shown  in 
Figure  3l|.  The  principle  feature  of  this  circuit  is  a differential  relay 
which  closes  only  when  the  two  pen  arms  are  at  different  potentials.  This 
allows  one  to  read  through  "cross-overs'* j i.e.  telescoping  of  the  pips  when 
the  reference  arm  contacts  at  the  same  time  as  the  bellows  arm  contacts  a 
helix.  Smoothing  condensers  are  also  included  to  reduce  relay  chatter  when 
the  arms  make  and  break  contact.  The  second  relay  furnishes  the  pulses  to 
the  neon  lamps  in  the  cameras  to  record  the  Olland  Cycle  data  on  film. 
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C.  Calibration  Procedure  and  Accuracy 

The  Olland  Cycle  relay  normally  keys  the  telemetering  transmitter  on, 
and  at  the  receiving  station  a beat  frequency  in  the  audio  range  is  produced 
and  is  passed  through  filters  and  is  used  to  deflect  a Leeds-Morthrup  strip 
chart  recorder.  The  type  used  is  type  Q,  model  S-60,000  with  a paper  feed  of 
3"  per  minute.  The  Olland  Cycle  is  calibrated  in  the  laboratory  by  connecting 
it  directly  to  the  strip  chart  recorder  with  the  Olland  Cycle  under  a bell  jar. 
Many  of  the  flights  were  calibrated  by  punping  the  bell  jar  down  to  a certain 
pressure  and  leaving  this  pressure  on  for  a short  period  while  the  Olland  Cycle 
recorded  several  cycles  on  the  strip  chart,  at  the  same  time  the  pressure  was 
read  accurately.  Pressures  are  normally  determined  by  a Wallace  and  Tiernan 
type  fa-135  mercury  manometer  which  is  permanently  mounted  to  the  base  plate 
of  the  bell  jar.  This  manometer  can  be  read  precisely  to  0,1  mb  but  it  can 
be  inaccurate  because  of  a zero  error  due  to  slight  displacement  of  the  scale 
and  to  small  amounts  of  gas  above  the  mercury  column.  If  the  mercxury  column 
is  run  up  and  down  over  the  full  range  of  the  scale  very  many  times  there  is 
a possibility  that  air  is  liberated  into  the  evacuated  region  above  the  coluunn 
and  so  periodically  the  manometer  rauat  be  re-zeroed  in  accordance  with  the 
instructions  furnished  by  the  manufacturer  to  remove  this  air,  Ihe  zero  error 
of  the  manometer  is  determined  by  conparing  it  with  a Stokes-McLeod  gage 
(Flosdorf  modification  2?6-50),  As  a check  on  the  McLeod  a series  of  readings 
were  taken  with  a 50  mm  Wallace  and  Tiernan  Eourd^n  gage.  This  Bourdon  gage 
was  checked  for  zero  error  in  a system  where  the  pressure  was  known  to  be 
less  than  10  microns.  The  res\ilts  of  such  a zero  check  are  shown  in  Figure  35 
where  it  can  be  seen  that  the  Bourdon  gage  and  the  McLeod  gage  agree  to 
within  01-0,2  mb,  thus  using  this  particular  set  of  data  one  would  correct 
the  manometer  readings  by  adding  0,8  mb.  The  calibration  procedure  was  im- 
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proved  considerably  by  establishing  a steady  punping  rate  of  the  bell  Jar 

from  atmospheric  pressure  doiwi  to  the  lowest  pressure  reached  by  the  cal-  ' ) 

ibrations  which  is  in  the  vicinity  of  10  mb.  This  pusp  down  takes  about 

90  minutes  in  enptying  the  3.75  cubic  foot  bell  Jar.  A pressure  reading 

to  toe  nearest  l/lO  mb  is  taken  exactly  on  the  minute  and  written  on  the 

strip  chart  next  to  an  accurate  time  mark  made  by  a pen  arm  or'erated  by  a 

telechron  synchronous  motor  and  also  recorded  on  toe  strip  chart.  All  the 

pressiire  readings  are  then  corrected  for  manometer  error  and  the  time  of 

each  pressure  pip  both  one  turn  and  10  turn  helices  as  marked  by  the  OUand 

Cycle  is  recorded  on  the  strip  chart.  This  record  looks  exactly  like  a 

flight  record^  and  the  same  method  is  used  in  reading  the  calibration  record 

as  in  reading  the  telemetering  recorder  during  an  actual  balloon  flight. 

Several  methods  have  been  used  for  doing  this^  the  sinpliest  being  to  use 
an  accurately  divided  steel  mler  graduated  in  hundredths  of  an  inch.  One 
measures  the  distance  between  the  leading  edges  of  two  reference  pipe  irtilch 
mark  one  revolution  of  a cycle  rotor  and  the  distances  from  toe  leading  edge 
of  the  first  reference  pip  to  both  the  11  turn  and  one  turn  helix  pip  which 
are  included  between  the  two  references.  Then  a slide  rule  is  used  to  det- 
ermine a phase  angle  and  this  is  plotted  as  a function  of  the  pressure.  During 
flight  the  phase  angle  is  then  determined  and  toe  pressure  read  from  the  cal- 
ibration chart.  This  process  can  be  simplified  by  using  a reader  similar  to 
the  one  shown  in  Figure  36 . The  inter-reference  distance  is  first  set  up  on 
the  reader  by  lining  up  the  leading  edge  of  one  reference  under  the  edge  of 
the  plastic  base  line  and  swinging  the  pivoted  arm  out  until  it  Intersects 
the  other  reference  on  scxne  arbitrarily  selected  line  on  the  strip  chart 
paper.  The  graduated  scale  is  then  moved  iq)  on  its  guide  until  it  touches 
the  pivoted  aim  and  since  the  scale  contains  3^0  divisions  it  automatically  ' ^ 

Indicates  3^0°  between  references.  Now  the  pivoted  arm  can  be  moved  so  that 
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It  intersects  the  leading  edge  of  a helix  pip  on  the  same  arbitrary  line  as 
was  used  for  the  reference.  The  phase  angle  can  then  be  measured  directly  on 
the  graduated  scale.  Actually  It  is  not  necessary  to  use  the  phase  angle  at 
all  but  the  chart  can  be  mounted  so  that  one  reads  pressure  directly  by  set> 
ting  the  reading  device  on  the  strip  chart  record  by  a suitable  alignment  of 
the  calibration  curve  the  pressure  In  mb  Is  read  directly  from  an  Index  line. 

This  procedure  has  not  been  used  during  the  first  55  flights  covered  by  this 
report  and  sill  be  described  In  more  detail  In  a later  report. 

Figure  37  shows  the  results  of  a calibration  In  itilch  the  same  OUand 
Cycle  element  was  pushed  down  and  read  six  times  In  siiccesslon.  The  plotting 
Is  a little  different  than  that  shovm  In  the  calibration  record  of  Figure  35 
In  this  figure  the  phase  angle  is  plotted  as  the  vertical  axis  and  the  pressure 
In  mb  In  the  horizontal  axis.  In  Figure  37  the  11  cycles  represented  by  the 
11  turn  helix  are  shovn  as  the  series  of  points  vhlch  gradually  change  their  slope 
and  as  can  be  seen  at  very  low  pressures  the  bellows  becomes  insensitive  as 
the  phase  angle  changes  very  little  with  the  pressure,  at  least  In  a relative 
sense.  The  points  seem  to  grovqp  around  two  lines  of  which  the  first  three 
runs  constitute  one  and  the  second  three  z*uns  constitute  the  other  as  if  the 
Instrument  sxiffered  a slight  shift  In  its  standardization  during  the  time  that 
the  runs  were  being  made.  The  spread  of  the  points  falling  on  the  curves  on 
Figure  37  probably  are  a good  representation  of  the  absolute  accuracy  slth 
shlch  this  Instrument  measures  pressure  and  the  error  is  of  the  order  of  7 1 mb 
at  the  mrst  place  on  the  scale.  With  special  treatment  the  Olland  Cycle's 
absolute  accuracy  can  be  Inproved  but  better  accuracy  than  7 1 mb  for  the 
flights  of  this  series  Is  not  claimed.  Hdwever,  a much  higher  order  of 
accuracy  In  a relative  sense  can  be  obtained.  To  exploit  the  ultimate 
possibilities  of  the  Olland  Cycle  one  plots  the  phase  angle  directly  as 
measured  ly  the  Instrument  In  a suitable  way  and  gets  the  altitude  depend- 

I ence  by  an  average  f lg\u*e  representing  the  relation  between  phase  angle 
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and  pressure  for  the  altitude  range  in  question.  If  this  procedure  is  followed 
changes  in  altitudes  of  the  balloon  of  the  order  of  the  height  of  the  balloon 
which  is  about  100  feet  can  be  detected  at  an  altitude  of  80«000  feet.  Data 
obtained  by  this  technique  is  extremely  valuable  for  studying  the  vertical 
flight  of  balloons  and  oxan?)les  of  it  are  given  in  Section  VI,  Figures  10-13 
which  are  phase  angle  plots  on  which  the  altitude  is  also  indicated.  On 
Uiese  figures  the  seals  of  the  balloon  is  given  by  a sketch  in  actual  size. 
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D*  Characteriatic  Reaults  in  Flight 

Figures  39  through  h2  show  portions  of  an  actual  flight  recoz*d*  Figure  38 
is  the  calibration  chart  and  refers  to  flight  #55*  This  calibration  chart  is 
of  the  older  type  made  by  stopping  the  bell  Jar  pun5>ing  at  various  fixed  pres- 
sures and  reading  the  pressure  and  the  OllandC^'cle  phase  angle  and  then  going 
on  to  the  next  point.  As  can  be  seen  on  the  calibration  record,  both  the  11 

I turn  8uid  one  turn  helixes  show  as  a series  of  lines  and  by  reading  the  phase 

angle  of  both  of  these  one  finds  the  pressure  in  mb  unambiguously.  Figure  39 
shows  a portion  of  flight  ^5  with  a very  good  noise  free  signal  three  hours 
after  launching  with  the  balloon  an  estimated  range  of  100  miles.  In  this 
particular  flight  the  reference  pulse  was  made  double  to  distinguish  it  from 
the  single  turn  helix  and  from  the  time  pips.  A differential  relay  was  adso 
used  so  that  when  the  11  turn  helix  crossed  over  the  reference,  that  is,  when 
the  phase  angle  was  in  a neighborhood  of  zero  the  differential  relay  would 
prodxice  a reverse  signal  sc  that  a narrow  pulse  could  be  read  in  the  middle 
of  a wide  pulse.  Tfe  values  of  tl(Be  in  centi'al  standard  time  and  the  pressure 
in  mb  me  recorded  in  each  cycle  of  the  instrument.  One  would  be  able,  by  ref- 
erence to  the  calibration  chart  given  here,  to  read  off  these  same  values  from 
the  stidp  chart  record. 

j Figure  iiO  is  the  same  flight,  #55 f about  12  hours  after  launching  with  an 

I 

( approximate  range  of  500  to  60O  miles.  The  record  is  completely  readable  but 

theire  is  more  noise  on  the  base  line.  With  a little  practice  all  of  the  various 
OHand  Cycle  pips  can  be  read  out  of  trie  noise  background.  Figure  1|1  shows  the 
record  of  flight  #55  I8  hours  after  launch  with  an  approximate  distance  of  8OO 
to  900  miles.  The  signal  is  still  readable  but  the  noise  has  increased.  One 
should  note  that  the  rotation  rate  of  the  Olland  Cycle  helix  is  much  slower 

t 

wdiich  puts  the  reference  pips  much  further  apart,  idiich  is  probably  a tenqj- 
erature  effect.  Figure  U2  shows  the  signal  from  #55  l8i  hours  after  launching 
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just  before  the  signal  was  lost.  In  this  portion  of  the  record  the  signal 
faded  in  again  and  points  were  obtained  and  these  points  were  indexed  on  the 
strip  chart  shown.  The  signal  faded  out  as  expected  when  simrise  occurred 
with  the  frequency  in  use  which  was  I638  kc  and  the  range  involved,  approx- 
iaiately  9$0  miles.  The  relation  between  range,  frequency  and  time  of  year, 
power,  etc.  is  discussed  in  Section  VIII  of  this  report  which  deals  with  the 
radio  propagation  and  telemetering  problems.  Although  the  Olland  Cycle  has 
customarily  been  recorded  on  a strip  chart  for  the  most  accurate  presentation 
for  iseasurement  the  altitude  can  be  determined  by  listening  to  the  CvV  keyed 
signal  transmitted  from  the  balloon  on  any  communications  receiver  equipped 
with  a beat  frequency  oscillator  and  using  an  ordinary  wrist  watch  with  a 
sweep  second  hand.  By  making  a list  of  the  times  the  various  pulses  come  on 
one  can  get  an  accuracy  of  measuring  altitude  which  is  very  good  and  for  many 
ptirposes  is  quite  satisfactory.  Ihe  signal  from  the  Olland  Cycle  can  also  be 
easily  recorded  on  tape  for  playback  through  the  strip  chart  recording  system 
at  a later  date.  This  process  has  been  carried  out  on  numerous  occasions, 

GONDOLA  PHOTOGRAPHS  AND  DLXK  DIAGRAMS 
The  following  pages  contain  for  reference  purposes  photographs  and 
block  wiring  aiagrams  of  the  various  gondolas  flown  on  flights  #21  - 
Most  of  the  flights  differ  in  their  details  but  wherever  possible  have  been 
constructed  of  standard  co-nponents.  The  frequency  of  use  of  various  items 
can  be  seen  by  reference  to  the  table  at  the  beginning  of  this  section. 
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SECTION  VIII 
TELEMETERINQ 

The  principal  consideration  governing  the  development  and  design  of 
telemetering  equipment  and  systems  has  been  to  make  such  systems  as  simple 
as  possible I to  reduce  the  power  drain  of  the  flight  equipment  to  a minimumi 
and  yet  to  retain  the  flexibility  needed  for  presentation  of  all  the  types 
of  data  required  for  the  balloon  experiments.  An  effort  has  been  made  to 
develop  an  efficient,  compact  beacon  transmitter  which  is  stable  luider 
varying  conditions  of  teo^erature,  pressure  and  applied  voltages.  A 
summary  of  the  types  of  data  telemetered  during  this  series  of  flights  is 
given  in  Figure  1. 

A.  Sub-Carrier  System 

This  telemetering  system  was  described  in  Section  VI,  Volume  I,  of 
the  first  Progress  Report.  This  system  of  telemetering  was  used  on  flights 
#21  through  #25  and  #29,  The  use  of  this  system  was  discontinued  at  this 
time  for  several  reasons: 

(a)  The  transmitters  which  were  used  in  flight  had  low  power  efficiency. 
The  power  input  to  the  transmitter  was  large  conpared  to  the  amount  of 
power  radiated  from  the  antenna.  This  power  inefficiency  is  characteristic 
of  anplitude-modulated  systems. 

(b)  The  audio-frequency  of  the  sub-carrier  was  2250  cycles  and,  therefore, 
the  system  as  a whole  required  a band  width  of  at  least  U500  cycles.  This 
necessarily  meant  that  the  service  factor  for  this  sub-carrier  telemetering 
was  essentially  zero  db  as  conpared  to  radio  telephone. 

(c)  It  was  decided  that  all  the  necessary  data  which  would  be  telemetered 
could  be  carried  on  a narrow  band  system  with  higher  power  efficiency  and 
a much  better  service  factor. 
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B*  Pulee-Interyal  Systea 

The  types  of  data  nhich  were  transmitted  by  the  pulse-interval  tele- 
aeterlng  system,  which  replaced  the  sub-carrier  system,  wares 

(a)  OUand  Cycle  pressure  data  which  is  a pulse-interval  presentation 

(b)  Event  information  which  indicates  that  a certain  event  has  happened 
or  is  to  happen*  The  event  Information  was  carried  by  coded  symbols  such 
as  the  standard  Morse  code  for  A,  B,  C or  D*  The  events  Indicated  were 
such  things  as  package  ballast  drops,  ballastmstered  drops,  balloon 
valving  or  flight  termination* 

(c)  Metric  information  such  as  ballast  weight  in  the  tank*.  This  metric 
Information  was  necessarily  changed  into  such  a form  that  the  measvrement 
was  presented  as  a space  between  pulses*  In  this  case,  the  beacon  trans- 
mj.tter  was  keyed  by  pulses  from  the  ballast  level  coder  mechanism*  These 
pulses  were  distinguished  from  the  OUand  Cycle  pulses  by  the  characteris- 
tic frequency  shift  of  the  sub-carrier  when  this  system  was  used  or  by  their 
repetition  rate  and  pulse  length  in  the  pulse-interval  system* 

In  order  to  set  a narrow  band  width  on  this  system,  certain  characteristic 
pulse  lengths  had  to  be  predetermined*  The  minimum  p\ilse  used  in  this  system  is 
approximately  one  second  and  the  maximum  pulse  spacing  is  less  than  one  minute* 
Therefore,  the  band  width  necessary  in  the  receiving  equipment  is  not  greater  than 
two  cycles  per  second*  With  this  bandwidth,  the  service  factor  as  cos^pared  to 
radio  telephone,  three  kc  wide,  is  at  least  as  great  as  17  db*  This  service  factor 
is  that  assigned  to  standard  Morse  code*  The  pulse-interval  telemetering  system 
was  used  on  all  of  the  flights  in  this  series  except  those  named  above  for  the 
sub-carrier  system* 

The  ground  receiving  equipment  is  an  essential  part  of  this  telemetering 
system  and  special  equipment  was  developed  for  the  purpose  of  receiving  this 
telemetered  information*  The  rec elvers  (Figures  2-a,b,o)  used  at  present 
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were  developed  and  constructed  in  our  shops  and  have  several  special  featiures 
such  as  an  electronic  boost>nuU  circuit  in  the  intermediate  frequency  anpUfler, 
^ich  allows  the  operator  to  select  the  desired  signal  with  ease  and  furnl^es  a 
large  amount  of  rejection  to  unwanted  signals.  The  receiver  also  features  a 
diode  clipper  which  allows  the  operator  to  cut  out  low  level  noise  and  obtain  a 
better  presentation  of  the  data  on  the  recorder  and  a noise  limiter  to  clip 
shar|>  noise  inpulses.  Ihe  receiver  also  contains  a well  regulated  power  simply 
which  tends  to  prevent  drift  of  oscillators  and  changes  in  gain  and  allo'^j  the 
boost-null  circuit  to  remain  on  a fixed  frequency.  This  is  especially  important 
in  receiver  design  for  narrow  band  work. 

Another  unit  idiich  is  used  with  this  telemetering  system  is  a tunable 
audio  an?)lifier  (Figure  3)«  This  unit  contains  a frequency  selective  filter 
Triiich  is  entirely  electronic  and  uses  RC  networks  to  obtain  the  desired  fil- 
tering. This  unit  can  be  adjusted  to  almost  the  point  cf  oscillation  on  a 
chosen  frequency  so  that  the  selectivity  is  extremely  great.  The  output  of 
the  frequency  selective  filter  goes  through  a clipper  circuit  i^ich  is  essen- 
tially a go^  no-go  anplitude  discrimminator.  This  circuit  is  designed  so  that 
yihen  the  applied  audio  signal  exceeds  a predetermined  level  the  gain  at  the 
anplifier  is  increased,  resulting  in  a cumulative  build-up  to  saturation  level. 
This  allows  the  presentation  of  the  telemetered  data  in  a much  clearer  fora  than 
would  otherwise  be  possible.  The  final  circuit  in  this  aopllfier  is  a direct 
coupled  power  anq>lifler  which  has  been  designed  to  operate  the  recorder  system. 
The  power  aoplifler  also  is  provided  with  an  external  input  to  the  second  grid 
which  allows  other  information  to  be  fed  in  simultaneously  with  the  telemetered 
data.  This  is  used  in  some  cases  to  put  in  timer  marks  or  other  such  data. 

C.  Transmitters 

All  transmitters  used  in  this  series  of  flights  were  designed  to  oper- 
ate over  the  medium  frequency  band  which  includes  oiu*  assigned  frequencies  I638, 
1676,  n2h  and  17i»6  kc.  AH  of  the  transmitters  were  crystal  controlled  in  order 
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to  achieve  the  stability  necessary  for  narrow  band  telemetering.  Crystal 
control  is  necessary  to  condensate  for  the  large  tenperatiire  and  supply 
voltage  changes  encountered  in  balloon  flights. 

The  transmitter  used  for  the  sub-carrier  system  which  was  described  in 
the  first  report  (Volume  I,  Section  VI)  is  shown  in  Figure  U*  This  transmitter 
was  used  for  the  flights  mentioned  in  the  sub-carrier  section. 

The  next  transmitter  (Figure  5)  to  be  used  was  a transition  model  from  the 
sub-carrier  system  to  the  pulse  transmitter.  It  features  high-and-low-power 
transmission  with  an  associated  frequency  shift  (LOFAM).  The  frequency  shift 
and  power  change  is  obtained  by  shifting  the  cathode  feed-back  resistors. 

This  transmitter  was  used  for  flights  #26,  #27>  #28,  #30,  #31*  #32,  and  #33* 

The  power  output  was  5 W on  marl  mum  and  approximately  ^ W on  minimum  power. 

The  telemetering  decoding  system  used  with  this  transmitter  was  the  same  equip- 
ment as  used  with  the  sub-carrier  system.  There  was  continuous  power  drain  from 
the  B supply  and  the  total  power  efficiency  was  lower  than  desired. 

The  next  transmitter  (Figure  6)  in  the  series  was  a high-low  power  trans- 
mitter. The  idea  behind  the  low  power  between  pulses  was  that  this  was  necessary 
for  direction  finding.  However,  it  was  found  to  be  unsuitable  because  the  low 
power  signal  was  too  weak  to  obtain  good  df  bearings  at  long  range.  It  was 
diffleult  to  obtain  a steady  zero  on  the  recorder,  especially  when  the  trans- 
mitter was  at  short  range  due  to  fading  of  the  low  power  signal.  This  trans- 
mitter also  put  a continuous  power  drain  on  the  battery  supply  and  its  power 
efficiency  was  again  low.  This  transmitter  was  used  on  flights  #3U  through 
#U$.  Its  power  output  was  U W on  makimum  and  approximately  ^ W on  minimum. 

The  tunable  audio  aaplifler  (Figure  3)  mis  used  in  the  telemetering  recording 
equipment  starting  with  flight  #3U» 
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A pulse  transmitter  (Figure  7)  with  screen-grid  keying  was  the  next  used 
in  this  series*  This  transmitter  had  a very  low  power  output^  a matter  of  a 
few  milliwatts,  except  ehen  pulsed.  However,  the  power  drain  for  the  oscillator 
was  continuous  and  this  was  an  unnecessary  power  waste.  This  type  of  transmitter 
was  used  for  flights  #U6  and  #U7.  Its  pulsed  output  was  approximately  U W. 

The  next  transmitter  was  a pulse  transmitter  in  which  the  negative  terminal 
of  the  B supply  was  keyed  (Figures  6,  This  transmitter  had  no  contln- 

ous  power  drain  from  the  B supply  and  therefore  the  power  supply  necessary  for 
operation  was  reduced.  It  was  found  by  laboratory  experiments  that  the  push- 
pull  oscillator  started  reliably  in  extreme  cold  and  with  a very  low  battery 
supply.  The  filament  supply  used  was  a lead  acid  battery  which  does  not  drop 
in  voltage  appreciable  before,  all  of  the  available  power  is  used.  However, 
the  dry  cell  batteries  used  for  the  B supply  do  show  appreciable  drop  with  use 
and  with  cold.  The  B battery  supply  for  2U  hours  operation  weighs  about  five 
pounds.  This  type  of  transmitter  was  used  for  flights  through  #55*  Its 
power  output  was  approximately  U W. 

The  antennas  used  with  these  transmitters  were  of  the  Zepplin  type  in  all 
of  the  flif^ts  of  this  series*  This  antenna  is  preferred  as  it  is  of  the  end- 
fed  variety  idiich  permits  the  transmitter  to  be  located  in  the  gondola*  The 
antenna  is  released  by  a dropper  after  launching*  The  antenna  used  for  the 
first  group  of  flights  in  this  series  consisted  of  a twisted  pair  of  wires 
cut  to  approximately  lA  the  frequency  of  the  transmitter  and  a half- 

wave single  wire  antenna*  This  antenna  was  found* to  have  a severe  power  loss 
awasured  to  be  at  least  20  db.  At  the  time  of  this  measurement.  Investigations 
were  made  into  the  properties  of  Zepplin  antennas.  It  was  shown  by  laboratory 
measurements  that  the  tarlsted  pair  feed  line  had  high  attenuation  at  this  fre<^ 
ueney  and  had  a characteristic  ia^)edanee  of  around  70  (^s.  This  low  iiqpedanoe 
wby  General  lHUs,  Inc. 
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A.  Top  and  side  view. 


-ec  VIIx  fig  9,  B.  Bottom  view.  Medium  frequency,  U watt,  pulse  transmitter. 
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again  contributed  to  the  loss  in  this  type  of  feed  system  as  there  was  a high 
degree  of  ndsmatch.  The  type  of  antenna  adopted  from  these  experiments  uses 
a transmission  line  of  Columbia  ATV-300R,  300  ohm  twin  lead.  Careful  maasure- 
ments  were  made  of  its  characteristics  on  the  Q meter  in  the  laboratory.  It  was 
found  that  the  length  i*ich  was  necessary  for  the  Zepplin  transmission  line  was 
27.6  meters  for  I7i|6  kc  and  29.5  meters  for  1638  kc.  The  radiating  portion  of 
the  antenna  is  cut  approximately  5^  short  of  a half  wave  length  to  condensate 
for  end  effects.  If  we  assume  that  the  transmission  line  from  the  transmitter 
output  to  the  antenna  is  feeding  a 2U00  ohm  load,  which  is  a good  approximation 
for  a half  wave  end-fed  antenna,  we  find  that  the  input  inpedance  at  1700  kc  is 
about  U1.8  ohms.  Therefore,  the  output  tramsformer  of  the  transmitter  was  de- 
signed to  feed  maximum  power  into  an  inpedance  of  this  value.  For  a theoretical 
lossless  transmission  line  the  input  impedance  woula,  in  the  same  case,  be  35.3 
ohms.  From  these  figures  we  can  calculate  the  loss  in  this  quarter  wave  transmis- 
sion line  to  be  equal  to  0^735  db.  Ibis  loss  is  rather  insignificant  and  these 
antennas  have  been  shown  by  use  in  flights  to  be  efficient  radiators.  The  trans- 
mitter performance  has  been  as  good  as  would  be  predicted  for  the  power  output 
since  the  use  of  this  type  of  antenna  was  initiated. 


D.  Radio  Propagation  Predictions 

As  there  are  always  considerable  difficulties  in  telemetering  from 
long  range  with  low  power  transmitters,  it  was  felt  to  be  necessary  to  make  a 
study  of  radio  propagation.  This  work  was  carried  on  for  several  purposes. 

The  radio  propagation  predictions  can  give  the  frequencies  which  are  desirable 
for  telemetering  at  the  ejqjected  ranges.  The  predictions  will  also  give  a 
reasonable  estimate  of  the  required  radiated  power  for  the  expected  flight 
trajectory  and  allow  equipment  to  be  designed  for  use  in  these  flights.  They 
will  also  furnish  data  for  determining  the  optimum  launching  time  from  a given 
place  to  obtain  the  best  telemetering  perforaance  with  a given  transmitter  freq- 
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quency  and  power  output. 

The  radio  predictions  were  based  on  the  CRPL  series  D publications  issued 
by  the  National  Bureau  of  Standards.  The  methods  used  are  described  in  Circular 
i<62,  US  Depart.ment  of  Commerce,  National  Bureau  of  Standards.  The  following 
factors  were  considered  in  this  work  on  radio  propagation  prediction: 

(a)  The  atmospheric  noise  level  at  the  receiving  station 

(b)  The  receiver  noise 

(c)  Receiving  antenna  characteristics 

(d)  Predicted  method  of  propagation  based  on  distance  and  local 

time  and  the  monthly  ionospheric  predictions  (series  D publications). 

(e)  The  non-deviative  absoirption  factor.  This  absorption  occurs  mostly 
in  the  D layer  in  daylight  and  is  a function  of  the  zenith  angle  of 
the  sun,  the  time  of  year,  and  the  number  of  sunspots.  This  absorp- 
tion is  at  best  a median  value  for  a month  and  the  absorption  for 
any  one  day  is  very  unpredictable. 

(f)  In  flights  where  the  great  circle  path  from  the  balloon  to  the 
receiving  station  is  through  the  auroral  zone,  the  auroral  atten- 
uation factors  are  considered.  The  auroral  attenviation  is  extremely 
large,  especially  at  frequencies  in  the  2 me  range. 

(g)  The  balloon  altitude  is  a factor  to  be  considered  when  calculating 
the  line  of  sight  range.  Ihe  angle  of  incidence  of  radiation  from 
the  balloon  transmitter  on  the  ionosphere  is  less  than  would  be 
calculated  for  aground  station  at  the  same  distance  from  the 
receiver.  This  effect  can  be  approximated  by  assuming  that  the 
transmitter  is  located  on  the  ground  at  a distance  along  the  radius 
from  the  receiver  equal  to  the  geometrical  line  of  sight.  The  bal- 
loon altltwle  is  important  only  in  determining  the  method  of  radio 

wave  propagation  and  has  little  effect  on  the  attenuation  factors 
involved. 
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It  is  difficult  to  assign  any  definite  degree  of  accviracy  to  these  predic- 
tions as  they  are  based  on  a large  number  of  roughly  predictable  factors. 

According  to  Circular  ii62.  Page  ll6.  National  Bureau  of 'Standards,  the  value 
calculated  for  incident  field  intensity  from  a transmitter  vdth  a given  power 
radiated  is  the  median  value  for  normal  days  of  the  month.  These  monthly  median 
values  are  the  ones  used  for  computing  the  following  prediction  chart  (Figure  10) . 
The  monthly  median  values  are  such  that  on  90^  of  the  days  of  the  month,  the  sig- 
nal strength  on  a daily  average  will  be  greater  than  -6db  and  on  90%  of  the  cays 
the  signal  strength  on  a daily  average  will  be  less  than  +•  6 db  of  the  monthly 
median  value. 

We  also  encounter  normal  fading*  of  radio  signals  which  is  due  to  fluctuations 
of  the  ionsphere.  As  a result  of  this  fading  the  instantaneous  values  of  field 
intensity  will  be  such  that  90%  of  the  time  the  signal  strength  is  greater  than 
-8.2  db  and  90%  of  ■the  time  less  than  5.1  db  from  the  median  daily  value.  There- 
fore the  field  intensity  which  the  lowest  instantaneous  value  of  signal  strength 
exceeds  on  90%  of  the  days  of  the  month  are  found  by  taking  the  median  monthly 
value  times  ,195  (-lii.2  db).  Therefore  on  at  least  90%  of  the  days  of  the  month 
it  would  be  necessary  to  radiate  at  least  lli  decibels  above  the  predicted  value 
of  required  effective  radiated  power  in  order  to  obtain  a fixed  value  of  field 
strength  at  the  receiving  antenna. 

Another  factor  of  importance  in  these  predictions  is  the  atmospheric  noise 
which,  of  course,  varies  from  time  to  time  in  a seemingly  random  fashion.  This 
noise  value,  however,  does  vary  with  the  season  of  the  year  and  the  transmission 
of  this  noise  from  the  noise  centers  of  the  world,  which  are  usually  atmospheric 
storm  centers,  varies  in  the  same  manner  as  the  transmission  of  any  other  elect- 
romagnetic radiation.  Therefore  atmospheric  noise  is  much  more  important  at 
night  than  in  daytime  as  the  attenuation  is  less  at  night. 

Pp  107-109,  Circular  U62,  National  Bureau  of  Standards 
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A study  made  by  the  Central  Radio  Propagation  Laboratory  shows  that  80%  of  the 
daily  values  for  field  intensity  required  to  read  a signal  through  atmospheric 
noise  fall  within  a range  of  + 6 db  of  the  median  values  predicted.  Therefore 
6 db  must  be  added  to  the  figure  given  above  of  lU  db  in  order  to  insure  radio 
communication  or  telemeteidng  for  at  least  90^  of  the  time.  Consequently  a 
transmission  power  of  f20  db  or  100  times  the  predicted  median  monthly  value 
should  be  used. 

An  hour  by  ho\ir  prediction  (Figure  10)  of  the  median,  required,  effective 
radiated  power  for  three  frequencies  and  two  types  of  radio  communication 
(telemetering  and  audio  frequency  command)  was  made  for  an  assumed  flight 
trajectory  during  the  month  of  February,  1953 • The  flight  trajectory  assumed 
was  a reasonable  value  for  winter  months  in  this  vicinity.  The  values  given 
in  this  prediction  chart  are  hourly  median  values  based  on  the  montly  pred- 
iction for  February  1953»  The  prediction  data  shows  that  the  1.7  me  band  is 
useful,  with  moderate  transmitter  power,  for  approximately  the  first  21;  hours 
of  the  flight.  After  the  second  sunrise  this  frequency  should  not  be  useful. 

This  prediction  was  correlated  by  two  flights  in  January  in  which  a readable 
signal  was  received  at  the  Minneapolis  station  continuously  the  first  day  and 
night  in  this  frequency  band  and  in  which  the  signal  faded  below  a useful  inten- 
sity after  sunrise  on  the  following  day.  No  data  on  performance  of  the  6000  kc 
band  are  available  as  yet  although  the  plan  is  to  fly  transmitters  on  this 
frequency  and  to  attempt  a correlation  between  the  radio  performance  and  the 
predicted  performance.  According  to  the  predictions  a frequency  in  the  6-7  me 
band  should  be  useful  for  Intermediate  length  flights  for  high  balloon  velocities 
such  as  50  m/h.  The  radio  propagation  predictions  do  not  indicate  the  amount  of 
power  necessary  to  read  telemetered  signals  through  interfering  transmissions. 

The  experience  with  the  1.7  me  band  has  shown  that  all  of  the  assigned  frequencies 

are  subject  to  considerable  radio  interference,  such  as  police  network  stations 
which  interfere 
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with  telemetering  reception  at  night.  There  have  been  few  cases  of  interference 
in  daytime,  but  the  night-time  interference  presents  a serious  problem  when  the 
balloon  is  at  long  range.  With  the  narrow  band  system  in  use  at  present  it  is 
often  possible  to  read  the  telemetered  signal  through  voice  transmissions  and 
other  interfering  signals  if  the  exact  frequency  of  the  interfering  transmitter 
is  as  great  as  200  cycles/sec  from  the  telemetering  transmitter. 
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RADIO  COMMAND 

A.  Conunand  Systema 

Radio  control  of  operation  of  various  devices  w^s  used  in  a large 
number  of  flights  in  this  series.  In  all  of  the  command  systems  used  in  this 
series  of  flights  resonant  relays  nere  used  for  the  audio-selective  filters 
and  as  elements  in  the  control  circuits.  Our  experience  with  the  resonant  relays 
has  shown  that  the  initial  rejection  of  relays  as  received  from  the  manufacturer 
is  up  to  $0%  and  that  of  the  remaining  50$  a large  amount  of  choosing  is  necessary 
to  find  relays  which  have  high  reliability.  In  many  cases,  equipment  is  operated 
for  several  hours  and  then  the  relays  suddenly  develop  a condition  in  idiich  they 
will  no  longer  reliably  operate  the  command  system.  The  resonant  relays  are,  in 
theory,  an  excellent  method  of  obtaining  extremely  narrow  band  audio  selectivity. 
The  main  difficulty  lies  in  the  mechanical  xinreliability  of  the  existing  relays. 
Radio  control  was  used  during  this  series  of  flights  for  operating  the  follow- 
ing: (a)  Ballast  drop,  both  magnetic  control  of  flow  from  a tank  and 

package  drop, 

(b)  Gas  valving,  with  and  without  automatic  cycling, 

(c)  Flight  termination,  A summary  of  radio  command  operation  is 
shown  in  Figure  11. 

One  of  the  command  control  circuits  used  during  this  series  of  flights 
consisted  of  a resonant  relay  with  a thermal-element  time  delay  (Figure  12), 

The  resonant  relay  controlled  a small  three-volt  sensitive  relay  i^ich  in 
turn  operated  a 10-second  time  delay  relay  which  operated  the  equipment  com- 
manded, This  10-second  time  delay  was  thought  to  be  necessary  to  insure  safety 
of  the  equipment  against  accidental  operation.  In  this  type  of  resonant  relay 
control  circuit,  the  command  signal  initiated  a returning  signal  on  the  tele- 
metering channel  which  indicated  that  command  had  been  obtained  on  the  control 
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channel  in  question*  This  indication  of  command  was  actuated  by  the  closing 
of  the  three— volt  relay.  After  the  time  delay  had  occurred,  a different  coded 
signal  was  telemetered  to  show  that  the  commanded  circuit  had  operated. 

The  second  type  of  control  circuit  is  shown  in  Figure  13 • This  unit 
used  a resonant  relay  audio  filter  to  actuate  an  anplifier  tube— heater  time 
delay.  This  unit  consumed  less  power  than  the  above  control  circuit  and 
was  found  to  be  more  reliable  in  operation  and  to  require  less  adjustment. 

The  time  delay  associated  with  this  circuit  was  less  than  the  10-second  time 
delay  of  the  other  circuit.  It  was  found  that  with  a time  delay  of  2 or  3 
seconds  the  security  of  the  operation  was  sufficient. 

The  command  receiver  antenna  consisted  of  an  11-meter  length  of  flexible 
wrire  which  was  attached  to  the  balloon  prior  to  packing.  This  antenna  was 
connected  to  receiver  at  the  time  of  launching.  Two  major  typ3s  of  command 
receivers  were  used  during  this  series  of  flights.  The  first  type  was  des- 
cribed in  detail  in  the  first  report  (Volume  I,  Section  VI).  The  two  rec- 
eivers of  this  general  type  are  shown  in  Figures  ll|,  1$, 

This  type  of  receiver  was  flown  in  most  of  the  command  flights.  The  results 
of  these  operations  showed  that  a strong  signal  in  the  vicinity  of  the  command 
frequency,  61*20  kc  was  capable  of  blocking  this  receiver.  Subsequent  laboratory 
measurements  showed  that  it  had  rather  poor  selectivity  ahead  of  the  first  RF 
amplifier  and  that  it  could  be  easily  blocked  by  strong  signals  close  to  the 
operating  frequency.  A review  of  the  radio  command  flights  of  this  series  shows 
that,  in  two  flights  (#35  and  #1*1)  the  radio  command  operation  was  not  completely 
successful  due  to  inadequate  radio  frequency  selectivity  and  resultant  receiver 
blocking.  In  both  of  these  flights'  the  ballast  dropping  and  flight  terminating 
controls  were  operated.  The  difficulty  appeared  in  the  valving  operationj  in 
flight  #35  as  a result  of  interference  from  the  valve  motor  and  in  flight  #1*1 
as  a result  of  interference  of  the  foiirth  harmonic  of  the  I638  kc  telemetering 
transmitter. 
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No  indication  of  radio  control  was  indicated  on  flights  #2U  and  #Uo.  In 
both  cases,  the  first  comnand  attefrpt  was  made  ihen  the  balloon  was  at  a range 
of  at  least  200  miles  and  subsequent  investigation  showed  that  the  power  rad- 
iated from  the  ground  station  antenna,  for  command,  was  insufficient  for 
proper  operation  of  the  control  circuits  in  the  balloon  gondola.  There  were 
no  other  flights  in  this  series  which  indicated  receiver  failure  or  improper 
design. 

Therefore  to  obtain  better  RF  selectivity  a new  receiver  (Figures  l6,  17-a,b) 
•was  developed.  This  receiver  has  a much  3a  rger  amount  of  rejection  before  'the 
first  RF  amplifier  stage  and  therefore  is  not  as  subject  to  blocking  by  strong 
signals  off  the  command  frequency.  The  double- tuned  RF  eoipling  circuits  are 
adjusted  to  be  critically  coupled  which  condition  results  in  maximum  signal 
with  good  frequency  selectivity.  The  selectivity  characteristics  of  a double- 
tuned  RF  coupling  unit  are  shown  in  Figure  l8.  T^e  intermediate  frequency 
for  this  receiver  was  chosen  to  be  120  kc.  The  IF  'transformers  are  commercially 
obtainable  and  the  frequency  is  low  enough  to  obtain  the  narrow  band  pass  which 
is  necessary  for  good  security  of  operation  in  this  type  of  eqiiipment.  The 
audio-frequencies  used  for  control  are  low,  not  over  $00  cycles,  and  therefore 
it  is  not  necessary  to  have  a band  pass  of  greater  than  500  cycles.  It  is 
desirable,  however,  to  have  a low  band  pass  from  a s'tandpoint  of  noise  reject- 
ion. 

The  new  type  receiver  was  only  used  on  two  flights,  #5l  and  #5li>  in  this 
series.  The  command  control  system  was  not  tes-ted  in  flight  due  to  balloon  fail- 
ures, However,  -the  command  system  was  operated  on  the  ground  at  Pierre,  South 
D>akota,  by  a 100  W transmitter  at  Minneapolis  ( a distance  of  300  miles)  and 
indications  were  that  a good  solid  command  resulted.  This  receiver,  in  labor- 
atory checks  apparently  has  the  desired  characteristics  for  a command  receiver 
on  this  frequency  range,  Ihe  overall  rejection  or  band  pass  characteristics  of 
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B.  Bottom  view 

6U20  kc,  command  receiver  nith  double  tuned  RF  coupling. 


I Confidential  Security  Information 

I 


DB  INPUT  FOR  CONSTENT  OUTPUT 


Confidential 


Page  VIII-371 


■■  ■■■  SSSSn  SEBn  ■■■■■  SSSSSuSE  ESSES  ESS  S5SS  SEISb  ESSSESSS  EiSE  SESSE  ESSES  SSSSE  ESHS  ESSE  SSSSE  ESEE ■ ESkuanBi  Hail  aaaBi  iai 

•■affl  BIBH  paaaa  aaipa  aBapBapaa*  aaaBi  aaaip  fiai  p BaBap  BEaaaiBall  EiiiB  apaaB  bbbbIb  bBbb  BBlap  BBaaBBBBBB  bbbbb  BaBBB  appaB  iBiii  iaau  Baa 

ESEnSHSiEbEESEKSiSESsSISSE^IUlilSSnESKSUKiniSlISSsSSSSSUSSEEEESEESSIEBISSESSSSESBEiSsEKBEESEEEEE^ 

■BaBBB  BBB  BBBBB  BBBBI 

bbbbbb  BBiaBaiaBaaii 

:»ssi  ll\^m 


aa  Baaaan  aaaaaaaaBBHBBBBBBBiBBBBiaiBaBBaijiiBaaBBBBaBBflaBBB 

SB  nsssS  i li  ;L\]U3Esns»s:sKSUsrr '’i^:sE!:as::^^^ 


mHiiiinyiiiiiiiiiiiii 


H ■■■■■HP 

UEsssussEiimui] 


I ESSES 


iinifliiiiiiiiiPigiHiBiii 


'BBBBB  BBBH  BB 
BBBB  B BBBBBBBBB*  BBBBB  BBBBB  BBBBB  BBBBB  BB  B 
BlBB  B BBBBPBBBBa laBBl aEaH  BBaaP |BBB ■ B| ■ 
BBBBB  BBBBJBBBBB  BQBBB  BBBBB  BBBBB  BBBBB  BBl 


bbSSbE 


BauRiiaRE 

iBSHHiS!! 


iinnu 


SEE  S 

lESSBESi 


ii^ 


I BBBBBB 
liBiBaB 
liilBaB 


msiiirj 


^Bssssara 


ESKaas 


asSraraimsaEESsaBBaaiaESasanraBuaiBKS&i: 


ii 


BSWnM 

BESSEI 


ai 


SEBSai 


sssassi 

aSBSESSE 


iSiHPiiiiniii 


JSSSSSBI 

aapBaai 

BBiBflBI 

I-b8bb»i 

aasaEn  asss  sai 

■ BBaBiaBBB  BBBBB BBBI 
■ BBBBiBBia  BBBBBBBBI 


ua  asEEsa 


~^USUI 


flBBBBBHBB 

bbEbESBSS 

»ri:5:s 


tBBBBBBB 

IBBBBBBBI 
BBB BBBBB 

bbbbsbbE 

BBB BBBBB 
BBB BBBBB 
BBB BBBBB 

ISEESSEE 

IBBB  BBBBB 



I ESmE  ESESS  EE  Eh  SESh  aESESEB  SS  sss^Sssss  SSSh  t 

:!:::B:ia:R;::E:E.i,.aU..H.HHH«^ 


B HB  BB  BB«a  HBBB  B B 
BHBBBBiaaB  BBBBBB 

lUBUflSB  BBBBHflaBflBflBBBflr- 

I aBiBBBBBBBBfllflBaaBBItBBflai 


HiflilHPl 


isEi: 


asss 


isa: 


a 


SSSbbB,.. 

"EIJSSISSEE 


srsi 


i»a 


asiSESESEL. 
SESESEEESESSSn 

r BBBBB  BBBBB  BBBB 

SESESEaaEEES 

:e»:ss::eese8 


SliS 


I 


HB!S 


Esa.a 

Miffg 


BBB  BBBH 

saassEK 


ibhbbbbbibbi 


BBBaBBSIBBI 

BBBBBlaBBBI 

'niB  BBB  BB  BBl 


I HIBBBBBBBBfeBBaBBBBB  BBBBB  BBBBB  ■HflBBBHBBBBBBIHBB  B_ =s  = i===r-  = i:  ^ ■ 

I HsaaaS  BBBBB&asa  aE»  Sbbbb  sssa  SbEssesssb  saa  HBEsasa  sssHKwaaESSEaa  Eaa  | 

I BBBBB  BaBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBB  VaBaBB  BBBBBBBiEB  BBBtB'iflBBfl  BnBBaBBHBBBBBl 


SEC.3mL  FIG.  te 


l■B■BB■BaB■HBBiB■aBBBaBflBBBBB■BBBflBB■BBaBBaBBaBBBB BBaBBBB IBB BBBVJaBBBa 
|BBBaBBaBBBHBBBaBBaBflBBBBBBBBBBBBBBaa8aBBBBaBBBBBB  BBBBBBBB  BB  HP  JBBBBH 
laBBBaBBaBBBBBBaBBBaaiBBBBBaBaaBBBBBBBBBBBBBBBBBBBB  BBBBBBBB^It  BB'jBBSSBaa 


BH  fliiiiHBBiiiiHlHWMMBHHMHHHHiiiiii 

BH  B B BBB  BBBB  BBBBBB  BBBBB  BB  BB  B B B BB  B BB  BBB  BBB  BB  BBBB  B BBBB  BBBI 
BBB  B B BBl BBBB  B BB  B BB  BBBBB  BBBB  B BB  BB 1 BBBBB  BBBBB  BBBBB  BBB  B B ■ Bl 


6.3  6.4 

FREQ.  IN  MEGACYCLES 


Page  VIII-372 


Confidential 


i 


f 


j 


I 


i} 


I 


this  receiver  are  given  in  Figure  19» 

COMMUNICATIONS  AND  TELEMET^NG  RECEIVING 
STATIONS  AND  EQUIPMENT 

At  the  present  time  there  are  two  semi-permanent  stations  which  contain 
communications  and  receiving  equipment.  The  main  station  is  located  at  Anoka 
County  Airport  in  the  tower  of  the  University  Building.  The  equioment  used  at 
this  location  includes  two  receivers  used  for  telemetering  (Figures  2-a,b,c) 
and  two  coianunications  receivers.  One  of  the  communications  receivers  is  an 
National  HRO-SOTl  and  the  other  receiver  is  a Hammerland  Super-Pro.  The  tele- 
metering receivers  were  constructed  in  the  project  with  the  special  circuits 
described  in  the  telemetering  section. 

There  is  also  a U.S.N.  type  DAQ  direction  finder  which  is  used  in  conjunc- 
tion with  tracking  operations  at  this  station.  The  DAQ  presentation  is  apparently 
the  only  type  which  is  suitable  for  operation  with  tie  pulse-intejrval  telemetering 
system.  AdCock  type  direction  finders  do  not  seem  to  be  fast  enough  to  df  on 
this  signal  as  the  maximum  pulse  length  is  a matter  of  three  or  four  seconds. 

The  DAQ  equipment,  however,  is  suitable  for  direction  finding  and  has  been  used 
on  several  occasions. 

The  transmitting  equipment  at  the  Anoka  County  Station  consists  of  two  100  W 
transmitters.  The  modulating  and  power  supply  equipment  is  common  to  these  two 
units.  A transmitter  control  box  in  the  control  room  allows  the  communications 
operator  to  choose  one  of  the  two  assigned  communications  frequencies  (3Ul5  ami 
6U20  kc).  I^e  operator  is  also  able  to  choose  the  type  of  modulation  ty  oper- 
ation of  control  buttons  and  switches  which  choose  either  the  microphone  iiput 
CW  or  MOW  transmission  for  code  or  he  can  switch  in  the  command  tone  generator 
(Figure  20)  for  use  in  command  operations.  The  command  tone  generator  is  con- 
nected into  the  main  transmitter  control  unit  so  that  the  operator  can  select 
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the  desired  audio  tone  by  push-button. 

It  has  been  found  that  operations  between  Minneapolis  and  Pierre^  South 
Dakota,  require  two  radio  frequencies  to  maintain  a reasonably  reliable  eoet- 
munications  network.  Tf^e  base  line  distance  between  Pierre  and  Minneapolis 
is  so  short  that  6U20  kc  is  unsuitable  at  night,  due  to  the  skip  resulting 
from  the  high  angle  of  incidence  on  the  ionosphere.  The  alternate  frequency 
3Ul5  kc  is  suitable  from  this  standpoint  for  2k  hours  a day,  as  far  as  ionos- 
pheric transmission  is  concerned,  hcnrever,  it  is  more  subject  to  attenuation 
in  daylight  and  the  signal  strength  is  normally  lower  during  this  period  on 
3Ul5  kc  than  it  is  on  6t|20  kc.  Therefore,  both  frequencies  are  necessary  for 
good  continuous  communications. 

The  special  equioment  located  at  this  station  consists  of  the  audio- 
frequency tunable  filter  (Figure  3)  idiich  is  described  earlier,  a Leeds- 
Northrup  Recorder,  and  a U.S.N.  model  RCD  panoramic  receiver  which  is  used, 
at  present,  for  checking  the  modulation  pattern  of  the  100  W transmitters. 

The  other  semi-permanent  station  in  use  at  present  is  the  communications 
trailor  which  has  been  located  at  Pierre,  South  Dakota,  for  a large  part  of 
the  last  series  of  flights.  The  receiving  equipment  in  this  trailor  consists 
of  two  telemetering  receivers,  two  communications  receivers  and  a U.S.N.  type 
ARN/7  automatic  direction-finding  receiver.  This  ADF  unit  is  suitable  for 
direction  finding  on  our  beacon  signal  if  the  operator  switches  from  "automatic" 
to  "antenioa"  when  the  signal  is  off  and  then,  during  the  long  pulse  of  the  s ignal, 
switches  again  to  "automatic".  However,  it  is  not  as  suitable  as  the  DAQ  equips 
ment. 

The  transmitters  installed  in  the  communications  trailor  Include  a 750  W 
transmitter  idiich  can  be  tuned  to  3Ul5  or  6U20  kc.  Tbs  tuning  from  one  freq- 
uency to  the  other  takes  about  15  minutes.  There  is  also  a small  3*5  W trmns- 
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ceiver  on  6U20  kc  which  is  used  for  testing  gondolas  and  also  for  short  range 
communication  with  the  trailer.  A UO  W emergency  transmitter  is  located  in  the 
trailer.  This  equipment  is  capable  of  transmission  on  3itl5  and  61|20  kc. 

The  specialized  equipment  in  this  trailer  includes  the  audio-frequency 
filter  described  before^  a Uagnecord  tape  recorder,  a 60  cycle  standard  freq- 
uency generator  itilch  is  used  to  ran  clocks  and  other  timing  devices.  There 
is  a Leeds-Northrup  Speed-O-Max  recorder  for  recording  the  telemetered  data 
and  a command  tone  generator  (Figure  3)*  A transmitter  control  unit  some- 
idiat  similar  to  that  at  the  Anoka  County  Station  is  used  in  the  communications 
trailor  to  control  the  transmitter. 

The  power  si^plies  in  thee  oniminicatlons  trailor  consist  of  a 10  kw 
Onan  generator  idiich  delivers  220  V,  This  generator  is  powered 

by  a U-cylinder  gasoline  engine.  There  is  a 60  cycle  to  UOO  cycle  conver- 
ter with  an  output  of  100  W iiAilch  is  used  to  supply  the  necessary  UOO  cycle 
power  for  the  ARN/7-ADF  equipment.  A zero  to  ^0  V DC,  25  anqpere,  rectifier 
is  also  located  in  the  trailor.  This  equipment  is  necessary  for  charging 
batteries  and  supplying  filament  voltages  for  the  ARN/7* 
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